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Definitions 


This one-year limited Warranty applies to all models 
of the COMPAQ DESKPRO 386/20 Personal Computer. 
During the one-year period of this Warranty, it also 
covers any optional or accessory product(s) 
manufactured or sold by Compaq Computer Corporation 
(“Compaq’) and installed by an Authorized COMPAQ 
Computer Dealer or an Authorized COMPAQ Warranty 
Service Provider, in a COMPAQ DESKPRO 386/20 Personal 
Computer System Unit. The COMPAQ DESKPRO 386/20 
Personal Computer and the covered optional or 
accessory products are the COMPAQ products’ referred 
to in this Warranty. This one-year limited Warranty, 
however, does not apply to the COMPAQ Dual -Mode 
Monitor, or to any other optional or accessory 
product not internally installed in the COMPAQ 
DESKPRO 386/20 Personal Computer. 


You are the ‘Purchaser’ if you are the original 
purchaser of the COMPAQ product from either Compaq or 
an Authorized COMPAQ Computer Dealer. This Warranty 


only applies to original Purchasers, and js not 
transferable to anyone who purchases the COMPAQ 
product from you. 


The “Date of Purchase’ is the date you originally 
purchased the COMPAQ product, and is shown on the 
original Authorized COMPAQ Computer Dealer or Compaq 
proof of purchase. Your sales receipt, showing the 
Date of Purchase, the COMPAQ product(s) purchased, 
and the name of the Authorized COMPAQ Computer Dealer 
that sold you the COMPAQ product(s), serves as your 
proof of the Date of Purchase. 


Warranty 


Compaq warrants to you, the Purchaser, that the 
COMPAQ DESKPRO 386/20 Personal Computer you have 
purchased from an Authorized COMPAQ Computer Dealer 
or from Compaq is free from defects in materials and 
workmanship for a period of one year from the Date of 
Purchase. 


Compaq further warrants to you, the Purchaser, that 
any optional or accessory products manufactured or 
sold by Compag, which you purchase on or after the 
Date of Purchase of the COMPAQ DESKPRO 386/20 
Personal Computer, covered by this limited warranty, 


and which are installed in that COMPAQ DESKPRO 386/20 
Personal Computer by an Authorized COMPAQ Personal 
Computer Dealer or an Authorized COMPAQ Warranty 
Service Provider, are free from defects in materials 
and workmanship for a period of one year from the 
Date of Purchase of the COMPAQ DESKPRO 386/20 
Personal Computer in which such COMPAQ product(s) are 
installed. If the optional or accessory products are 
purchased for installation in the COMPAQ DESKPRO 
386/20 Personal Computer less than ninety (90) days 
prior to the expiration of the one-year limited 
warranty applicable to the COMPAQ DESKPRO 386/20 
Personal Computer, then the optional or accessory 
products are covered by the ninety-day (90-day) 
limited warranties accompanying such products. 


This further warranty does not apply to any optional 
or accessory products which have been previously 
installed in any COMPAQ or other computer prior to 
their installation in the COMPAQ DESKPRO 386/20 
Personal Computer covered by this limited warranty. 


This further warranty also does not apply to the 
COMPAQ Dual-Mode Monitor or to any other optional or 
accessory product used in connection with, but not 
installed in, the COMPAQ DESKPRO 386/20 Personal 
Computer covered by this limited Warranty. 


Remedies 


During the Term of this Warranty, at no additional 
charge to the Purchaser, Compaq will repair or 
replace any defective parts of the COMPAQ DESKPRO 
386/20 Personal Computer purchased under this limited 
Warranty, or of the optional or accessory products 
covered by this limited Warranty, with new, or, at 
the option of Compag, refurbished parts. To obtain 
this repair or replacement service, the Purchaser 
must return the COMPAQ product to an Authorized 
COMPAQ Computer Dealer or Compaq. The Purchaser also 
may return the COMPAQ product to a participating 
Authorized COMPAQ Computer Warranty Service Provider, 
at the Service Provider's option. The Purchaser must 
prepay any shipping charges. In addition, the 
Purchaser is responsible for insuring any product so 
returned and assumes the risk of loss during 
shipping. All parts and products replaced under this 
Warranty become the property of Compaq. 


Warranty Claim Requirements 


To claim service pursuant to this Warranty you, the 
Purchaser, must: 


1. Provide any Authorized COMPAQ Computer Dealer, 
Compaq, or a participating Authorized COMPAQ 
Computer Warranty Service Provider with proof of 
the Date of Purchase from an Authorized COMPAQ 
Computer Dealer or Compaq. 


2. Return the COMPAQ product to an Authorized COMPAQ 
Computer Dealer, Compaq, or at the Service 
Provider's option, a participating Authorized 
COMPAQ Computer Warranty Service Provider. The 
Purchaser must prepay any shipping charges. In 
addition, the Purchaser is responsible for 
insuring any product shipped for return, because 
under this Warranty the Purchaser assumes the 
risk of loss during shipment. 


3. The Purchaser may request information on how to 
obtain Warranty service by contacting any 
Authorized COMPAQ Computer Dealer. You may cal 
1-800-231-0900, toll-free, from anywhere in the 
48 contiguous United States and Hawaii for the 
location of the Authorized COMPAQ Computer Dealer 
nearest you; or 


4. The Purchaser may also request information on how 
to obtain Warranty service by writing to the 
Customer Relations Department at Compaq Computer 
Corporation, P.O. Box 692000, Houston, Texas 
77269-2000. 


Disclaimers 


THIS LIMITED WARRANTY DOES NOT EXTEND TO ANY PRODUCTS 
NOT PURCHASED FROM COMPAQ OR AN AUTHORIZED COMPAQ 
COMPUTER DEALER. THIS LIMITED WARRANTY ALSO DOES NOT 
EXTEND TO ANY PRODUCTS WHICH HAVE BEEN DAMAGED OR 
RENDERED DEFECTIVE (a) AS A RESULT OF ACCIDENT, 
MISUSE, ABUSE; (b) BY THE USE OF PARTS NOT 
MANUFACTURED OR SOLD BY COMPAQ; (c) BY MODIFICATION, 
OR (d) AS A RESULT OF SERVICE OR MODIFICATION BY 
ANYONE OTHER THAN COMPAQ, AN AUTHORIZED COMPAQ 
COMPUTER DEALER, OR AN AUTHORIZED COMPAQ COMPUTER 
WARRANTY SERVICE PROVIDER. 


EXCEPT AS EXPRESSLY SET FORTH ABOVE, COMPAQ MAKES NO 
OTHER WARRANTIES, EXPRESS OR IMPLIED, INCLUDING, BUT 
NOT LIMITED TO, ANY IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE, 
AND COMPAQ EXPRESSLY DISCLAIMS ALL WARRANTIES NOT 
STATED HEREIN. IN THE EVENT THE PRODUCT IS NOT FREE 
FROM DEFECTS AS WARRANTED ABOVE, YOUR SOLE REMEDY AS 
THE PURCHASER SHALL BE REPAIR OR REPLACEMENT AS 
PROVIDED ABOVE. UNDER NO CIRCUMSTANCES WILL COMPAQ 
BE LIABLE TO THE PURCHASER, OR TO ANY USER, FOR ANY 
DAMAGES, INCLUDING ANY INCIDENTAL OR CONSEQUENTIAL 
DAMAGES, EXPENSES, LOST PROFITS, LOST SAVINGS, OR 
OTHER DAMAGES ARISING OUT OF THE USE OF OR INABILITY 
TO USE THE COMPAQ PRODUCT. 


SOME STATES DO NOT ALLOW THE EXCLUSION OR LIMITATION 
OF INCIDENTAL OR CONSEQUENTIAL DAMAGES FOR CONSUMER 
PRODUCTS, AND SOME STATES DO NOT ALLOW LIMITATIONS ON 
HOW LONG AN IMPLIED WARRANTY LASTS, SO THE ABOVE 
LIMITATIONS MAY NOT APPLY TO YOU. 


THIS WARRANTY GIVES YOU SPECIFIC LEGAL RIGHTS, AND 
YOU MAY ALSO HAVE OTHER RIGHTS WHICH VARY FROM STATE 
TO STATE. 


PREFACE 


This guide provides hardware and firmware (ROM) 
information on the COMPAQ DESKPRO 386/20 Personal 
Computer for: 


= Developers who want to know more about the 
hardware in their system and general theories 
about how the system works 


= Engineers or technicians who need technical 
information to design accessories for the system 


= Programmers who need to know about the hardware 
(programmable devices) and firmware for 
programming purposes 


= Individuals or companies who want to know how the 
COMPAQ DESKPRO 386/20 Personal Computer operates 
and how to access its many features 


This document assumes an understanding of the Intel 
80386 microprocessor and of personal computers based 
on that microprocessor. 


This guide supplements, but does not replace the 
following Intel publications: 


= The Lotus /Intel /Microsoft Expanded Memory 
Specification, Version 3.2 (part no. 300275) 


© Introduction to the 80386 (part no. 231252) 


=» 80386 High-Performance Microprocessor with 
Integrated Memory Management (Data Sheet) (part 
no. 231630) 


= 80386 Programmer's Reference Manual (part no. 
230985) 


= 80386 System Software Writer's Guide (part no. 
213499) 


= 80386 Hardware Reference Manual (part no. 231732) 


= 80387 Programmer s Reference Manual (part no. 
231917) 


™ 82385 High-Performance 32-Bit Cache Controller 
(part no. 290143) 


For more information about these Intel publications, 
write or call: 


Intel Literature Sales 
P.0. Box 58130 
Santa Clara, CA 95052-8130 
Telephone: 800-548-4725 
source: CQ 


These documents apply only to Intel Corporation 
manufactured parts and parts from Intel licensees. 


This guide also supplements, but does not replace the 
following Weitek publications: 


m WTL 1167 Data Sheet 


= WTL 1167 Programmer s Reference Manual 
(part no. 4780-1167-01) 


For prices and additional information about these 
Weitek publications, write or call: 


Weitek 1167 Literature Sales 


Weitek Corporation 
1060 E. Arques Avenue 
Sunnyvale, Ca. 94086 

Telephone: 800-553-1167 


ABOUT THIS GUIDE 


Chapter 1 introduces the COMPAQ DESKPRO 386/20 
Personal Computer and describes its features, 
components, options, and specifications. 


Chapter 2 describes the system board. 

Chapter 3 describes the physical memory subsystem. 
Chapter 4 provides specific information on the 80386 
microprocessor and is a BIOS programming guide that 


explains the system firmware. 


Chapters 5 through 14 describe the hardware options 
available. 


Appendix A lists the system error messages. 
Appendix B lists the national keyboards. 


Chapters 1 through 4 are contained in Volume I; 
Chapters 5 through 14, and both Appendixes are 
contained in Volume II. 


Fach volume contains an index for the entire book to 
help you find the information you need. 


NOTATIONAL CONVENTIONS 
Values 


I/O addresses and other values are in hexadecimal 
notation when shown with the letter h after them. 
Memory addresses are in hexadecimal when expressed as 
SSSS:0000, (SSSS is a 16-bit segment and 0000 is a 
16-bit offset). All other numbers are in decimal 
notation. 


Ranges 


Ranges or limits for a parameter are shown as a pair 
of values separated by two dots. For example, 4..0 
includes numbers 4, 0, and every number in between 
(3, 2, and 1). 


Signal Labels 


Signal values are labeled AO, Al, Al5, etc. Signal 
names are in uppercase letters. Signals that are 
negative true, or active low, are indicated in the 
text by a dash (-) suffix; in the schematics, 
negative true signals are followed by an asterisk 


(*). 


Register Notation and Usage 


The standard Intel naming conventions are used for 
the 80386 registers. AX, BX, CX, and DX are the 
names of the general registers when used as word- 
length registers (16-bit). AH, AL, BH, BL, CH, CL, 
DH, and DL are the names for the general registers 
when they are used as byte-length registers (8-bit). 


SI, DI, and BP denote the source index, destination 
index, and base pointer registers, respectively. 


CS, DS, SS, and ES denote the four segment registers: 
code segment, data segment, stack segment, and extra 
segment, respectively. CS is used with the IP 
(instruction pointer) register, and SS is used with 
the SP (stack pointer) register. 


FL is the flag register used to return the status of 

some operations. Status is given as the state of one 
of the flags within the register: CF for carry flag, 

IF for interrupt flag, etc. 


Register-set boxes that are shaded are ignored on 
input and are unchanged for output. An exception is 
that the contents of AX are not guaranteed to be 
preserved across all calls. Always reload the 


function code in AH and the parameter in AL (if any) 
to repeat a call. Register contents are always 
preserved across BIOS calls, unless the register is 
used to return a value. 


Bit Notation 


Bit values are labeled with bit <0> representing the 
least-significant bit and bit <7> representing the 
most-significant bit of a byte. 


Bit fields within a byte or word are shown as a range 


of decimal numbers separated by two dots enclosed in 
angle brackets. For example, reference to the four 
most-significant bits in a word is <15..12>. The 
higher number, representing the most-significant bit, 
is on the left. 


Common Acronyms and Abbreviations 


The following acronyms and abbreviations are used 
throughout this guide: 


Acronym Meaning 


AC alternating current 

ACE asynchronous communications element 
ACK acknow| edge 

ALS automatic line-selecting feature 
ASIC application-specific integrated circuit 
BCD binary-coded decimal 

BIOS basic input/output system 

CF carry flag 

CPU central processing unit 

CH channel 

CGA color graphics adapter 

CNTLR controller 

DC direct current 

DCC diskette controller chip 

DF direction flag 

DMA direct memory access 

DRAM dynamic RAM 

DTMF dual-tone multifrequency 

ECC error checking and correction code 
EGA enhanced graphics adapter 

HW hardware 

INT interrupt 

IF interrupt flag 

LSI large scale integration 

MDA monochrome display adapter 


(Continued) 


Acronym Meaning (Continued) 


NT nested task flag 

Pe parity flag 

PTR pointer 

RAM random-access memory 

RF resume flag_ 

RMS root mean square 

ROM read-only memory 

RTC real-time clock 

SOL side detail locking 

SF sign flag 

SW software 

TF trap flag 

UART universal asynchronous receiver/ 
transmitter 

ZF zero flag 


Abbreviation Meaning 


A ampere 

b binary 

bpi bits per inch 

bps bits per second 

cm centimeter 

°C degrees Celsius 

°F degrees Fahrenheit 

dBm decibel referred to 1 milliwatt 
dword 32-bit double word 

FRI flux reversals per inch 
GB gigabyte 

h hexadecimal 

Hz Hertz 

in inch 


(Continued) 


Abbreviation Meaning (Continued) 


IPS inch per second 

Kb kilobit (1024 bits) 

KB kilobyte (1024 bytes) 
kb/s kilobits per second 

kg kilogram 

kHz kilohertz 

Mb megabit (1 x 10 G bits) 
Mb/s megabit per second 

MB megabyte (1 x 10 6 bytes) 
MB/s megabyte per second 

MHz megahertz 

m meter 

ms millisecond (10 “3) 

us microsecond (10 “8, 

ns nanosecond (10 “9) 

mA milliampere 

N variable parameter/value 
pF picofarad 

lb pound 

RPM revolutions per minute 
TPI tracks per inch 

V volt 

W watt 
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Chapter 5 
KEYBOARD 


9.1 INTRODUCTION 


The keyboard is the primary means by which the user 
communicates with the system. The COMPAQ® Enhanced 
Keyboard is standard on the COMPAQ DESKPRO 386/20'™ 
Personal Computer. The enhanced keyboard is 
available in many versions, which include the: 


# U.S. English 101-key keyboard, shown in Figure 5-1 


= Nine national language versions (a 102-key 
keyboard), which are shown in Appendix B, National 
Keyboards. 


The enhanced keyboard offers features including a 
separate cursor control key cluster, additional 
function keys (F1l and F12), and enhanced 
programmability for the functions: Make only, 
Make/Break only, Repeat/Make/Break only, and Repeat 
(key) only. 


oie! 


The keyboard contains a microprocessor that scans the 
keyboard for pressed keys. The microprocessor also 
monitors its communication line with the system. The 
communication line carries keyboard control commands 
from the system and keyboard scan and acknowledgment 
codes to the system. Keyboard scan information is 
generated by the keyboard when a key is pressed or 
released. Typically, a Make code is generated when a 
key is pressed. A Break code is generated when the 
key is released. These Make and Break codes are 
collectively referred to as ‘scan codes” or 
“keycodes . 


Within this chapter, the term ‘system’ refers to the 
keyboard controller (8042) on the system board. 
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Figure 5-1. U.S. English COMPAQ Enhanced Keyboard (101-key) Layout 
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Figure 5-2 is a functional block diagram of the 5.2 KEYBOARD FEATURES 


keyboard. 


The ‘enhanced keyboard contains a first-in, first- 
out (FIFO) buffer and a repeating key function. The 


FIFO buffer is capabie of storing 20 HEX codes (Make 
and Break) in Mode 1, and 16 scan codes each in Modes 

2 and 3. Scan codes are placed in the FIFO buffer as 

keys are pressed when the keyboard is inhibited by 


the system. When the keyboard inhibition is removed 
by the system, the scan codes stored in the FIFO 
Keyboard Processor buffer are transmitted to the system in the order in 
which the keys were pressed. 
When two keys are pressed simultaneously, the 
Matrix 
Drivers 
overrun code (FFh--Mode 1; OOh--Modes 2 and 3) is 
stored in the buffer. A location in the FIFO buffer 
is reserved for overrun conditions. 
and program a particular set of keys to perform the 
repeat operations as well as set the rate for repeat 
functions. Programming is achieved by system 


keyboard processes the first scan code detected and 
Keyswitch Matrix 
Matrix Receivers Another important feature of the keyboard is the 
repeating key function. This feature allows the 
commands. 


Keyboard LED stores the second in the FIFO butter. If any key is 
indicators pressed while the FIFO buffer is full, the 
corresponding scan code is not generated and an 
keyboard to repeatedly generate and send a key Make 
Figure 5-2. Keyboard Functional Block Diagram code to the system as long as the key is held down. 
The enhanced keyboard allows the user to designate 
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5.3 KEYBOARD COMMUNICATIONS 
INTERFACE 


In Modes 2 and 3, the enhanced keyboard uses a 
bidirectional, synchronous serial interface for 
communications with the system. In Mode 1, 
communication is unidirectional. The keyboard cable 
is a 4-conductor, shielded cable. 


The keyboard data (KBDDATA) and keyboard clock 
(KBDCLK) signals use TTL-compatible voltage levels, 
with open-collector drivers. 


Table 5-1 lists the keyboard specifications. 


Table 5-1. Keyboard Specifications 


Voltage + 5 VDC +10% 
Current 250 mA (maximum) 
Cable Length: 
Coiled 45 in. (115 cm) 
Extended 88 in. (244 cm) 


Communication Protocol 


Communication between the system and the keyboard is 
implemented with a protocol method, shown in 
Figure 5-3. 


Command Codes 


Response Codes 


Keyboard System 
Make Codes 
Break Codes 


Figure 5-3. Keyboard Communication Protocol 


The communications link between the system and 
keyboard is bidirectional in Modes 2 and 3. For 
status information, the system controls the 
communications lines. For data communication, either 
the system or the keyboard may control the DATA 
(KBDDATA) and CLOCK (KBDCLK) lines, but not at the 
same time. The CLOCK signal is always generated by 
the keyboard. 


Commands from the System 


The system can send, at any time, various commands to 
the keyboard. When the keyboard is transmitting to 
the system, the system first clamps the CLOCK signal 
line to request a keyboard transmission halt. To 
ensure that the keyboard recognizes the system 
request, the CLOCK line must remain low (0) for at 
least 60 microseconds (us). When the keyboard 
transmission is past the rising edge of the parity 
bit CLOCK pulse, the keyboard completes its 
transmission before clocking out the system command. 


When the system is ready to transmit a command to the 
keyboard, it sets the DATA line low (0). This action 
serves as both a Request-to-Send and a start bit. 
Upon detecting the DATA line low, the system sets the 
CLOCK line low, causing the start bit to be clocked 
out of the system. The system then places the least- 
significant bit (LSB, data bit <0>) on the DATA line. 
This action causes the keyboard to toggle the CLOCK 
line. This process continues until all 8 data bits 
are clocked out of the system. 
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After all data bits are clocked out of the system, 
the system places an odd parity bit on the DATA line. 
The keyboard repeats its clocking of the parity bit 
as before. The keyboard then sets the DATA line low 
and clocks this line to the system for a stop bit. 
When the keyboard receives the stop bit, the system 
sets the CLOCK line low to inhibit the keyboard while 
it 1S processing the received data. 


After the keyboard receives a system command, the 
keyboard returns an ACK code to the system. Ifa 
parity error or time-out occurs, a Resend command is 
sent to the system. 


Figure 5-4 shows the timing of system-to-keyboard 
transmissions. 
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Minimum Maximum 


US 
US 


D6 


80 
35 
45 
29 
20 
295 


Type Start DO D1 D2 DS D4 DS 
Bit (LSB) 
Actual Q ] 6 1 1 O 1 
Data | | | | | | | 
| | | | | | | 
DATA | | | | 
| | | | | | | 
| | | | | | | 
CLOCK | | | | | | | 
Th a Tcy 
Code = EDh 
Symbol Parameter 
Tcy Cycle lime 60 
ie Clock Low 29 
Tch Clock High 29 
Th Data Hold O 
Tss Stop Bit Setup 8 
Tsh Stop Bit Hold 15 
Notes: 1. DATA signal clamped low by system, used as RIS signal. 


2. DATA signal clamped low by keyboard as Stop Bit. 
CLOCK signal clamped low by system to inhibit keyboard. 


5: 


Figure 5-4. 
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5.4 KEYBOARD FUNCTIONS 


This section describes the functions of the keyboard. 
Key cap legends and key location numbers cited herein 
are those for the U.S. English keyboard, which is 
the default layout supported in the ROM. Key 
locations for the U.S. English COMPAQ Enhanced 
Keyboard are shown in Figure 5-5. 


The enhanced keyboard has three operating modes-- 
Modes 1, 2, and 3. Each can be selected via keyboard 
commands from the system, which are described in more 
detail in the following paragraphs. These modes 
offer a range of functionality and compatibility 
features to software applications. 
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The keyboard controller generates a fixed set of Make 
and Break codes for each of the keys on the keyboard. 
When a key is pressed, the keyboard controller sends 

that key Make code to the system. 


In Mode 1, the keyboard generates the Break code 
consisting of a Make code plus 80h, which is the 
l-byte Break code. (For example, referring to Table 
5-2, 82h is the Break code for 02h.) When the 
keyboard is operating in Modes 2 and 3, the Break 
code is FOh (a 2-byte code) followed by the Make code 
of the key. 
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Figure 5-5. Assigned Location Number for Each Key on the U.S. English (101-Key) COMPAQ Enhanced Keyboard 
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Mode 1 Table 5-2. Keyboard Scan Codes (Hex) for Mode 1 
Key Key Cap Make Code Break 
In Mode 1 operation, the enhanced keyboard generates loc. __tegend (Note 1) Code Notes 
scan codes compatible with those generated by the 1 29 AQ 
keyboards used in 8088- and 8086-based systems. [To , 1 0? 82 
enter operating Mode 1, the scan code translation 23 y) 03 83 
function of the 8042 keyboard controller must be 4 a 04 QA 
disabled. Because no translation is performed, the 5 4 05 85 
scan codes generated by Mode 1 of the keyboard are 6 5 06 86 
identical to the system codes required for input to 7 6 07 87 
the BIOS. To operate in this mode, send the FOh g 7 08 88 
keyboard command with the Olh option byte to 9 8 09 89 
explicitly select Mode 1. To obtain system codes and 10 9 OA 8A 
> status information, applications operating the 11 0 OB 8B 
keyboard in Mode 1 should use BIOS INT 16h functions 1? a OC 8C 
AH=00h, Olh, and 02h. 13 + OD 8D 
1b Backspace OEE 
Table 5-2 lists the keyboard scan codes for the 16 Tab OF 8F 
keyboard operating in Mode 1. 17 Q 10 90 
18 W 11 9] 
19 E 12 92 
20 R 13 93 
21 i 14 94 
22 Y 15 95 
23 U 16 96 


Notes: 1. All scan codes listed are for SHIFT, ALT, 

and CIRL inactive. 

Codes for 101-key keyboard only. 

3. Codes for 102-key keyboard only. NA 
means no legend. 

4. Scan codes listed are for NUM LOCK 
inactive. 

5. A numeric cluster key. 


INO 


(Continued) 
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Table 5-2. (Continued) Table 5-2. (Continued) 
Key Key Cap Make Code Break Key Key Cap Make Code Break 
Loc. Legend (Note 1} Code Notes Loc. Legend (Note 1) Code Notes 
24 I 17 97 46 Z 2C AC 
25 0 18 98 47 x 20 AD 
26 P 19 99 48 C 2E AE 
27 [ 1A SA 49 V 2F AF 
28 ] 1B 3B 50 B 30 BO 
29 / 2B AB 2 51 N 31 Bl 
30 Caps Lock 3A BA 52 M 32 B2 
31 A 1E 9E 53 ; 33 B3 
32 S 1F oF 54 34 B4 
33 D 20 AO 55 / 35 B5 
34 F 21 Al 5/7 (Right) Shift 36 B6 
35 G 22 Ad 58 Ctrl 1D 9D 
36 H 23 A3 60 (Left) Alt 38 B8 
37 J 24 A4 6] (Space Bar) 39 BS 
38 K 25 A5 62 (Right) Alt EO 38 EO B8 
39 L 26 A6 64 (Right) Ctrl EO 1D EO 9D 
40 2] A7 15 Ins EO 52 EO D2 4 
4] " 28 A8 76 De | EQ 53 EO D3 4 
42 NA 2B AB 3 19 (Left Arrow) EO 4B EO CB 4 
43 Enter 1C 9C 80 Home EQ 47 EO C7 «4 
44 (Left) Shift 2A AA 81 End EO 4F FO CF 4 
45 NA 56 D6 3 83 (Up Arrow) EO 48 EO C8 4 
Notes: 1. All scan codes listed are for SHIFT, ALT, Notes: 1. All scan codes listed are for SHIFT, ALT, 
and CIRL inactive. and CTRL inactive. 
2. Codes for 101-key keyboard only. 2. Codes for 101-key keyboard only. 
3. Codes for 102-key keyboard only. NA 3. Codes for 102-key keyboard only. NA 
means no legend. means no legend. 
4. Scan codes listed are for NUM LOCK 4. Scan codes listed are for NUM LOCK 
inactive. Inactive. 
9. A numeric cluster key. 5. A numeric cluster key. 


(Continued) (Continued) 
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Table 5-2. (Continued) Table 5-2. (Continued) 
Key Key Cap Make Code Break Key Key Cap Make Code Break 
Loc. Legend (Note 1) Code Notes Loc. Legend (Note 1) Code Notes 
84 (Down Arrow) £0 50 EO DO 84 112 Fl 3B BB 
85 PgUp EQ 49 EO C9 «4 113 F2 3C BC 
86 PgDn EQ 51 EO Dl 4 114 ro 3D BD 
893 (Right Arrow) 0 4D EO CD 4 115 F4 3E BE 
90 Num Lock 45 C5 5 116 o. oF BF 
9] / 47 C7 5 117 F6 40 CO 
92 4 4B CB 5 118 F7 4] Cl 
93 l AF CF 5 119 F8 42 C2 
95 / EQ 35 EQ B5 5 120 F9 43 C3 
96 8 48 C8 5 121 F10 44 C4 
97 5 4C CC 5 122 Pad 5/7 D/ 
98 2 50 DO 5 123 F1i2 58 D8 
99 0 52 D2 5 124 Print Screen £0 2A EO 3/7 EQ B7 EQ AA 
100 e 37 B7 5 125 Scroll Lock 46 C6 
101 9 49 C9 5 126 Pause El 1D 45 El None 
102 6 4D CD 5 9D CS 
103 3 51 D1 5 Notes: 1. All scan codes listed are for SHIFT, ALT, 
and CIRL inactive. 
ae —_ = = 2. Codes for 101-key keyboard only. 
3. Codes for 102-key keyboard only. NA 
106 is 4E CE 2 means no legend. 
108 Enter EQ IC EO SCS 4. Scan codes listed are for NUM LOCK 
110 Esc 01 81 inactive. 
Notes: 1. All scan codes listed are for SHIFT, ALT, ____—5._A numeric cluster key. 


and CTRL inactive. 

Codes for 101-key keyboard only. 

3. Codes for 102-key keyboard only. NA 
means no legend. 

4. Scan codes listed are for NUM LOCK 
Inactive. 

5. A numeric cluster key. 


RO 


(Continued) 
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The following keys have special codes during Mode 1 
operation depending on the state of the SHIFT, NUM 
LOCK, ALT, and CTRL keys. Table 5-3 gives the scan 
codes generated by these keys. 


Table 5-3. Combination Scan Codes for Mode 1 


Key Key Cap Make Break 

Loc. Legend Code Code 

SHIFT Active with NUM LOCK OFF: 
15 Ins EQ AA £0 52  +E0 D2 EO 2A 
76 De] EO AA £0 53 ~=EO D3 EO 2A 

C 2ft Arrc 0 AA EO 4B 0 CB EO 2A 

80 Home EQ AA EO 47 ~+E0 C7 EO 2A 
81 End EQ AA EO 4F - €EO CF EO 2A 


85 PgUp EO AA EO 49 £0 C9 EO 2A 
86 PgDn EO AA EO 51 ~~ EO Dil £0 2A 


89 (Right Arrow) EQ AA EO 4D EO CD EO 2A 


SHIFT Inactive with NUM LOCK ON: 
75 Ins EO 2A E0 52 EO D2 EO AA 


76 Del EO 2A £0 53. £0 D3 EO AA 
19 (Left Arrow) £0 2A E0 4B £0 CB EO AA 
80 Home EO 2A E0 47 EO C7 EO AA 
81 End EO 2A EO 4F EO CF EO AA 


83 (Up Arrow) EQ 2A EQ 48 EO C8 EO AA 


84 (Down Arrow) EO 2A EO 50 £0 DO EO AA 


85 PgUp EO 2A EQ 49 £0 C9 EO AA 
86 PgDn EO 2A EO 51 £0 Dl EO AA 


89 (Right Arrow) EO 2A £0 4D £0 CD EO AA 


Note: Key 126 is not repeating; it generates a scan 
code only on the Make condition. 


(Continued) 


Table 5-3. (Continued) 

Key Key Cap Make Break 
Loc. Legend Code Code 
SHIFT Active with NUM LOCK OFF: 


95 Keypad / EO AA E0 35 £0 B5 E0 2A 
SHIFT Active or CTRL Active: 


124 Print Screen £0 37 EQ B/ 
ALT Active: 
124 Print Screen 54 D4 
CTRL Active (See Note): 
126 Pause EO 46 EO C6 
Note: Key 126 is not repeating; it generates a scan 


code only on_ the Make condition. ee _ 


Mode 2 


Mode 2 is the default mode of the enhanced keyboard 
that is selected by the DESKPRO 386/20 during power- 
on initialization. In this mode, the 8042 keyboard 
controller scan code translates the Make codes 
generated by the keyboard to the system codes 
required by the BIOS. Except for the system codes 
associated with the new keys of the enhanced 
keyboard, the system codes resemble the scan codes 
generated by the keyboard in Mode 1. In order to 
properly access the system codes generated by the new 
keys of the enhanced keyboard, applications should 
use BIOS functions INT 16h, AH=10h, 11h, and 12h 
instead of the traditional functions INT 16h, AH=00h, 
Olh, and 02h. During power-on, NUM LOCK is set 
active to enable enhanced mode and the numeric 
keypad. 
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Table 5-4 lists the Make codes for the keyboard Table 5-4. Keyboard Scan Codes (Hex) for Mode 2 
operating in Mode 2. Make Break 

Key Key Cap Code Code System 
In Mode 2, the keyboard generates the Break code, a Loc. Legend (Note 1) (Note 1) Code Note 
2-byte sequence that consists of a Make code 1 OF 29 
immediately preceded by FOh. For example, referring , 1 16 02 
to Table 5-4, the Break code for OEh is FOh OEh. 3 , iF 03 

4 3 26 04 

5 4 75 05 

6 5 2E 06 

7 6 36 07 

8 7 3D 08 

9 8 3E 09 

) 10 9 46 OA 

11 0 45 OB 

12 - 4E OC 

13 + 55 OD 

15 Backspace 66 OE 


Notes: 1. All scan codes listed are for SHIFT, ALT, 

and CTRL inactive and unless noted, the 
Break code is the make code proceeded by 
FOh. 

2. Codes for 101-key keyboard only. 

3. Codes for 102-key keyboard only. NA 
means no legend. 

4. Scan codes listed are for NUM LOCK 
inactive. 


5. A numeric cluster key. 
(Continued) 
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Table 5-4, 


OIPNPOPM YP rorr 2 I VOR | Cl ~<a wa ym | = Te 


Key Ca 
Legend 
Tab 


aps L 


(Continued) 
Make Break 
p Code Code System 
(Note 1) (Note 1) Code Note 
OD OF 
15 10 
1D 11 
24 12 
2D 13 
2C 14 
35 15 
3C 16 
43 17 
44 18 
4D 19 
54 1A 
5B 1B 
5D 2B 2 
ock 58 3A 
1C 1E 
1B LF 
23 20 
2B 21 
34 22 


All scan codes listed are for SHIFT, ALT, 
and CIRL inactive and unless noted, the 
Break code is the make code proceeded by 
FOh. 

Codes for 101-key keyboard only. 

Codes for 102-key keyboard only. NA 
means no legend. 

Scan codes listed are for NUM LOCK 
inactive. 

A numeric cluster key. 


(Continued) 


Table 5-4. (Continued) 
Make Break 
Key Key Cap Code Code System 
Loc. Legend (Note 1) (Note 1) Code Note 
36 H 33 23 
37 J 3B 24 
38 =€6O«K 42 25 
39 = OUL 4B 26 
40 4C 2/ 
4," 52 28 
42 NA 5D 2B 3 
43 Enter 5A 1C 
44 (Left) Shift 12 2A 
45 NA 61 56 3 
46 Z 1A 2C 
47 xX 22 2D 
48 C 21 2E 
49 V 2A OF 
50 ~=—iB 32 30 
51 8 620N 31 31 
52 OM 3A 32 
oe 41 33 
54, 49 34 
Notes: 1. All scan codes listed are for SHIFT, ALT, 


RO 


and CTRL inactive and unless noted, the 
Break code is the make code proceeded by 
FOh. 

Codes for 101-key keyboard only. 

Codes for 102-key keyboard only. NA 
means no legend. 

Scan codes listed are for NUM LOCK 
inactive. 

A numeric cluster key. 


(Continued) 


( 


Table 5-4. (Continued) 
Make Break 


Key Key Cap Code Code System 

Loc. Legend (Note 1) (Note 1) Code Note 
55 COU 4A 35 

5/7 (Right) Shift 59 36 

58 (Left) Ctrl 14 1D 

60 (Left) Alt ll 38 

61 (Space) 29 39 

62 (Right) Alt £0 11 EO FO ll EQ 38 


64 (Right) Ctrl £0 14 EO FO 14 EQ 1D 


75 Ins EO 70 EO FO 70 EQ 52 4 
76 ~=De) EO 71 EO FQ 71 EQ 53 4 
79 + (Left Arrow) EO 6B EO FO 6B EQ 4B 4 
80 Home EO 6C EO FO 6C EQ 47 4 
81 End EQ 69 EO FO 69 EQ 4F 4 
83 (Up Arrow) EQ 75 EO FO 75 EQ 48 4 
84 (Down Arrow) E0 72 EO FO 72 EO 50 4 
85  PgUp FO 7D £0 FO 7D £049 4 
86 PgDn EO 7A EQ FO 7A EQ 51 4 


89 (Right Arrow)E0 74 EO FO 74 EO 4D 4 


Notes: 1. All scan codes listed are for SHIFT, ALT, 


and CIRL inactive and unless noted, the 
Break code is the make code proceeded by 
FOh. 

2. Codes for 101-key keyboard only. 

3. Codes for 102-key keyboard only. NA 
means no legend. 

4. Scan codes listed are for NUM LOCK 
inactive. 


5. A numeric cluster key. 


(Continued) 
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Table 5-4. (Continued) 
Make Break 


Key Key Cap Code Code System 
Loc. Legend (Note 1) (Note 1) Code Note 
SQ = Num Lock 17 45 5 
91 867 6C 47 5 
92 4 6B 4B 5 
93] 69 4F 5 
95 =6f EO 4A EQ FO 4A EO 35 5 
96 «68 75 48 5 
97 = 5 73 4c 5 
98 2 72 50 5 
99.0 70 52 5 
100 * 7C 37 5 
101 9 7D 49 5 
102 6 74 4D 5 
103. 3 7A 51 5 
104... 71 53 5 
105 - 7B 4A 5 
106 + 79 4E 5 
108 Enter EQ 5A EQ FO 5A EO 1C 5 


Notes: 1. All scan codes listed are for SHIFT, ALT, 


and CTRL inactive and unless noted, the 
Break code is the make code proceeded by 
FOh. 

2. Codes for 101-key keyboard only. 

3. Codes for 102-key keyboard only. NA 
means no legend. 

4. Scan codes listed are for NUM LOCK 
Inactive. 


5. A numeric cluster key. 
(Continued) 
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Table 5-4. (Continued) 

Make Break 
Key Key Cap Code Code system 
Loc. Legend (Note 1) (Note 1) Code Note 
110 Esc /6 01 
li2 Fil 05 3B 
113 F2 06 3C 
114 F3 04 3D 
115 F4 OC 3E 
116 F5 03 3F 
117 F6 OB 40 
118 F7 83 4} 
119 F8 OA 42 
120 F9 01 43 
121 F10 09 44 
122 Fill 18 57 
123 Fl2 07 58 
124 Print Screen E0 12 EO FO /7C EO 2A E0 

EQ 7C EQ FO 12 37 
125 Scroll Lock /7E 46 
126 Pause El 14 77 €E1 El 1D 45 

FO 14 FO 77 El 9D 

C5 

Notes: 1. All scan codes listed are for SHIFT, ALT, 


and CIRL inactive and unless noted, the 
Break code is the make code proceeded by 
FOh. 

Codes for 101-key keyboard only. 

Codes for 102-key keyboard only. NA 
means no legend. 

Scan codes listed are for NUM LOCK 
Inactive. 


. A numeric cluster key. 


The following keys have special codes during Mode 2 
operation depending on the state of the SHIFT, NUM 
LOCK, ALT, and CTRL keys. Table 5-5 gives the scan 
codes generated by these keys. 


Table 5-5. Combination Scan Codes for Mode 2 


Key Key Cap 
Loc. Legend Scan Code Break Code 


SHIFT Active with NUM LOCK OFF: 
75 Ins EO FO 12 EO 70 


76 Del EO FO 12 EO 71 
79 (Left Arrow)EO FO 12 EO 6B 
80 Home EO FO 12 EO 6C EO FO 6C EG 12 
81 End EO FO 12 EO 69 EO FO 69 EO 12 


83 (Up Arrow) £0 FO 12 £0 75 EQ FO 75 EO 12 
84 (Down Arrow)E0O FO 12 E0 72 EQ FO 72 EO 12 


85 PgUp EQ FO 12 EO 7D EQ FO 7D EO 12 


EQ FO 70 EO 12 
EQ FO 71 EO 12 
EQ FO 6B EO 12 


86 PgDn EQ FO 12 EO 7A EO FO 7A EO 12 
89 ~=(Right 

Arrow) EQ FO 12 EO 74 EO FO 74 EO 12 

SHIFT Inactive with NUM LOCK ON: 

75 Ins EQ 12 £0 70 EO FO 70 EO FO 12 
76 ~=ODel EO 12 £0 71 EO FO 71 EO FO 12 
79 + (Left Arrow)EO 12 EO 6B EO FO 6B EO FO 12 
80 Home EQ 12 EO 6C EQ FO 6C EO FO 12 
81 End EQ 12 £0 69 EO FO 69 EO FO 12 


83 (Up Arrow) E0 12 EO 75 EO FO 75 EO FO 12 
84 (Down Arrow)E0O 12 EO 72 EO FO 72 EO FO 12 


85 PgUp EQ 12 £0 7D EO FO 7D £0 FO 12 
86 PgDn EO 12 EO 7A EO FO 7A EO FO 12 
89 = (Right 

Arrow) EQ 12 EO 74 EQ FO 74 EO FO 12 


SHIFT Active with NUM LOCK OFF: 
95 Keypad / EQ FO 12 EO 4A £0 FO 4A E0 12 
(Continued) 


Table 5-5. (Continued) 


Key Key 

Loc. Legend Scan Code Break Code 
SHIFT Active or CIRL Active: 

124 Print Screen EO 7C EQ FO 7C 
ALT Active: 

124 Print Screen 84 FO 84 
CTRL Active (See Note): 

126 Pause EO 7E EO FO 7E 
Note: Key 126 is not repeating; it generates a 


scan code only on the Make condition. 


Keyboard 5-1/7 


Mode 3 


Mode 3 generates a different scan code set than Modes 
l or 2. In this mode, the 8042 keyboard controller 
translation must be disabled, because the 8042 is not 
capable of translating the scan code set generated. 
Applications using the enhanced keyboard in Mode 3 
must select this mode via the FOh keyboard command. 
These applications must assume responsibility for 


directly handling the scan codes generated by the 
keyboard, since the 8042 and BIOS are not capable of 


handling the scan code set generated in Mode 3. 


Table 5-6 lists the scan codes for the keyboard 
operating in Mode 3. 


In Mode 3, the keyboard generates the Break code, a 
2-byte sequence that consists of a Make code 
immediately preceded by FOh. For example, referring 
to Table 5-6, the Break code for OEh is FOh OEh. 
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Table 5-6. Make Codes (Hex) for Mode 3 

Key Key Cap Make Code 

Loc. Legend (Note 1) Note 

1 OE 5 

2 1 16 5 

3 2 1E 5 

4 3 26 5 

5 4 25 5 

6 5 2E 5 

] 6 36 5 

8 7 3D 5 

9 8 3E 5 

10 9 46 5 

11 ¢ 45 5 

12 - 4E 5 

13 + 55 5 

15 Backspace 66 5 

16 Tab OD 5 

17 Q 15 5 

18 W 1D 5 

19 E 24 5 

20 R 2D 5 

21 T 2C 5 

22 Y 35 5 

Notes: 1. All scan codes listed are for SHIFT, ALT, 

and CIRL inactive. 
2. Codes for 101-key keyboard only. 
3. Codes for 102-key keyboard only. NA 
means no legend. 

4. A numeric cluster key. 
5. Typematic function default. 
6. Make/Break function default. 
7. Make only default. 
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(Continued) 


Table 5-6. (Continued) 
Key Key Cap Make Code 
Loc. Legend (Note 1) Note 
23 U 3C 5 
24 t 43 5 
25 0 44 5 
26 p 4D 5 
| [ 54 5 
28 ] 5B 5 
29 / 5C 2 & 6 
30 Caps Lock 14 5 
31 A 1C 5 
32 S 1B 5 
33 D 23 5 
34 F 2B 5 
35 G 34 5 
36 H 33 5 
37 J 3B 5 
38 K 42 5 
39 L 4B 5 
40 AC 5 
4] " 52 5 
42 NA 53 3&5 
43 Enter 5A 5 
Notes: 1. All scan codes listed are for SHIFT, ALT, 
and CTRL inactive. 
2. Codes for 101-key keyboard only. 
3. Codes for 102-key keyboard only. NA 
means no legend. 
4. A numeric cluster key. 
5. Typematic function default. 
6. Make/Break function default. 
7. Make only default. 


(Continued) 


Table 5-6. (Continued) 


Key Key Cap Make Code 

Loc. Legend (Note 1) Note 
44 (Left) Shift 12 6 
45 NA 13 3 & 5 
46 L 1A 5 
4] X 22 5 
48 C 21 5 
49 V 2A 5 
50 B 32 5 
51 N 31 5 
52 M 3A 5 
53 : 4] 5 
54 49 5 
55 / 4A 5 
57 (Right) Shift 59 6 
58 (Left) Ctrl 11 6 
60 (Left) Alt 19 6 
61 (Space Bar) 29 5 
62 (Right) Alt 39 ] 
64 (Right) Ctr] 58 ] 
75 Ins 67 7 
76 Del 64 D 
79 (Left Arrow) 61 5 


(SR a a RE DEP AI EE TT TL AE Ee BE a 


Notes: 1. All scan codes listed are for SHIFT, ALT, 
and CIRL inactive. 
2. Codes for 101-key keyboard only. 
3. Codes for 102-key keyboard only. NA 
means no legend. 
A numeric cluster key. 
Typematic function default. 
Make/Break function default. 


. Make only default. 
(Continued) 
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Table 5-6. (Continued) 


Key Key Cap Make Code 

Loc. Legend (Note 1) Note 
80 Home GE / 

81 End 65 ] 

83 (Up Arrow) 63 5 

84 (Down Arrow) — 60 5 

85 PgUp OF / 

86 PgDn 6D 7 

89 (Right Arrow) 6A 5 

90 Num Lock 76 4&7 
9] 7 6C 4&7 
92 4 6B 4&7 
93 1 69 4&7 
95 / 77 4&/7 
96 8 75 4&7 
97 5 73 4&7 
98 2 72 4&7 
99 0 70 4&/7 
100 a 7E 4&/7 
101 9 70 4&/7 
102 6 74 4&/7 
103 3 7A 4&/7 
104 71 4&/7 
Notes: 1. All scan codes listed are for SHIFT, ALT, 


and CTRL inactive. 
2. Codes for 101-key keyboard only. 
3. Codes for 102-key keyboard only. NA 
means no legend. 
A numeric cluster key. 
Typematic function default. 
Make/Break function default. 


. Make only default. 
(Continued) 
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Table 5-6. (Continued) 


Key Key Cap Make Code 

Loc. Legend (Note 1) Note 
105 - 84 4 
106 + 7C 4 
108 Enter 19 4 
110 ESC 08 / 
112 Fl 07 7 
113 F2 OF 7 
114 F3 17 7 
115 F4 LF 7 
116 F5 27 7 
117 F6 OF 7 
118 F7 37 7 
119 F8 3F 7 
120 F9 47 7 
121 F10 4F 7 
122 Fll 56 7 
123 F12 5E 7 
124 Print Screen 5/7 ] 
125 Scrol] Lock OF ] 
126 Pause 62 / 
Notes: 1. All scan codes listed are for SHIFT, ALT, 


and CTRL inactive. 
Codes for 101-key keyboard only. 
Codes for 102-key keyboard only. 


2. 
3. 
means no legend. 
4. A numeric cluster key. 
5. 
6. 
/. 


Typematic function default. 
Make/Break function default. 
A ISORCLS a 


NA 


System/Keyboard Commands and 
Acknowledgments 


Those commands sent by the system are listed in Table 
9-/ and described in the following paragraphs. 


Table 5-7. System Commands to the Keyboard 


Code Function 

EDh set Status Indicators 

EEh Echo (Diagnostic Aid) 

FOh Select Alternate Mode 
EFh..Flh Reserved--No operation (NOP) 
F2h Enhanced Indicator Code 

F3h set Key Repeat Rate 

F4h Enable Keyboard 

F5h Default Disable 

F6h Set Default Conditions 


F7h..FAH Set All Keys 


FBh..FDh Set Individual Keys 
FEh Resend 


FFA Reset 
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Set Status Indicators (EDh) Echo (EEh) 


The Set Status Indicators (EDh) command is a 2-byte The Echo (EEh) command is used for diagnostics. 
command that changes the state of the keyboard LED After receiving this command, the keyboard returns an 
indicators. After receiving this command, the Echo (EEh) response. 


keyboard halts scanning, returns an ACK code to the 
system, and waits for the system to send the option 
byte. The option byte indicates which LED indicators 
are affected. 


When the option byte is received, the keyboard sets 
the status indicator, returns an ACK code, and 
resumes scanning. If another command is received 

> while the keyboard is waiting for the option byte, 
the Set Status Indicators command is aborted and the 
new command is executed. The status byte is 
formatted as follows: 


BIT 
— LOCK Indicator 
O = Off 
1 = On 
NUM LOCK Indicator 
O-= OTT 
1 = On 
CAPS LOCK Indicator 
0 = Off 
1 = On 


00000 (Reserved) 
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Select Alternate Mode (FOh) NOP (EFh. .Fih) 
The keyboard acknowledges this 2-byte command, clears The keyboard responds to the NOP command with a 
the output buffer and repeat key. It then prepares Resend code. No other action is taken. 


for the transmission of the system option byte that 
establishes the mode of operation. The keyboard 
acknowledges the option byte, establishes the new 
operational mode, and resumes scanning. 


Option Byte Mode 
01 it 
02 2 
03 3 


When the system sends an option byte of 00h, the 
keyboard responds with an ACK and sends the option 
byte indicating the current mode of operation to the 
system. 


Enhanced Keyboard Indicator (F2h) 


This command is transmitted to the keyboard during 
power-on. The keyboard responds with an ACK code, 
halts scanning, transmits the Keyboard ID code, and 
resumes scanning. 
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Set Key Repeat Rate (F3h) 


The Set Key Repeat Rate (F3h) command is a 2-byte 
command that changes the key-repeat delay and rate 
values. This command functions similarly to the Set 
Status Indicator (EDh) command. 


Once the keyboard receives the Set Key Repeat Rate 
command, it stops scanning and returns an ACK code. 
The system then sends a byte that contains the repeat 
rate and delay time values. The repeat rate is the 
number of times the key is repeated every second. 

The delay time is the length of time a key must be 
held down before the key-repeat function begins. The 
keyboard then returns an ACK code and remains in the 
previous keyboard scan state, enabled or disabled. 


If another command is received in place of the delay 
byte, the key halts scanning and processes the new 
command. An Enable (F4h) must be sent for the 
keyboard to resume scanning. 
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The format for the Set Key-Repeat Rate/Delay Time 


byte is as follows: 


Delay time (in milliseconds) 


BIT 

[acne Repeat rate ( 
00000 = 30.0 
Q0001 = 26.6 
00010 = 24.0 
00011 = 21.8 
00100 = 20.0 
00101 = 18.4 
00110 = 17.1 
00111 = 16.0 
01000 = 15.0 
01001 = 13.3 
01010 = 12.0 
O1011 = 10.9 
01100 = 10.0 
01101 = 9.2 
01110 = 8.6 
Oll1l1l = 8.0 
00 = 250 
Ol = 500 
10 = 750 
ll = 1000 


0 (Reserved) 


10000 
10001 
10010 
10011 
10100 
10101 
10110 
10111 
11000 
11001 
11010 
11011 
11100 
11101 
11110 
11111 


PO POP MHM WWW fh LS LP O101TM MM WN 


times per second} 


OR WUIN OWN OWM CO UO N Ol 


Enable Keyboard (F4h) 


The Enable Keyboard (F4h) command causes the keyboard 
to begin its scanning function. After receiving this 
command, the keyboard returns an ACK code, clears the 
output buffer, and starts scanning. 


Default Disable (F5h) 


The Default Disable (F5h) command halts keyboard 
scanning. After receiving this command, the keyboard 
returns an ACK (acknowledge) code to the system, and 
resets to the following conditions: 


= Reset repeat key rate and delay 
= Halt scanning 


= Clear keyboard output buffer 


Set default key types (Mode 3 only) 
= Clear last repeat key 


= Awaits further system instructions 


Set Default Conditions (F6h) 


Keyboard 


9= 2a 


The Set Default Conditions (F6h) command causes the 
keyboard to send an ACK code and reset to the 
following conditions: 


Repeat repeat key rate and delay 
Clear keyboard output buffer 

Set default key types (Mode 3 only) 
Clear last repeat key 


Continue to scan 
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Set All Keys (F7h, F&h, F9h, FAh) Set_Individual Keys (FBh, FCh, FDh) 

The Set All Keys command causes the keyboard to The Set Individual Keys command causes the keyboard 

acknowledge the command, clear the output buffer, set to acknowledge this 2-byte command, set the 

all keys to the type indicated by the command, and individual key code cormand, clear the output buffer, 

continue scanning if previously enabled. This halt scanning, and wait for the key identification 

command is used only in Mode 3. byte. Key identification is accomplished by using 
the key location scan code listed in Table 5-4. The 

Command "ALL KEYS" Operation keyboard acknowledges the key identification byte, 
establishes the new key type, and awaits further 

F7h Repeat Only instruction. The keyboard does not resume scanning 

F8h Make/Break Only until the system re-enables it with an Enable (F4h) 

Sith eat aehadieuel command, allowing several keys to be set at once. 


This command is used only in Mode 3. 


Command Key Type 
FBh Repeat Only 
FCh Make/Break Only 


FDh Make Only 


Resend (FEh) 


The Resend (FEh) command is issued to the keyboard 
only after a keyboard transmission. The keyboard 
responds by re-transmitting the most recent byte 
transmitted to the system. If the last byte 
transmitted was a Resend, the keyboard wil] transmit 
the byte sent before the Resend. 
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Reset (FFh) 


The Reset (FFh) command causes the keyboard to return 
an ACK code to the system. For the system to accept 
the ACK code, the system raises the CLOCK and DATA 
lines for at least 500 us. On receiving the Reset 
command, the keyboard is disabled until either the 
ACK code is accepted by the system or another command 
is issued to the keyboard. 


If the Reset command is accepted, the keyboard clears 
its character output buffer, sets the default repeat- 
key rate, and turns al] LED indicators ON, then OFF. 
Once this process is completed, the keyboard sends an 
ACK code to the system followed by a Power-on 
Complete response (an AAh code) within 900 ms. At 
this point, the keyboard returns to normal operation. 
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Keyboard Responses to the System 


Before the keyboard responses are sent to the system, 


the keyboard verifies the status of two signals, 
CLOCK and DATA. When the CLOCK signal is low (0), 
the keyboard recognizes an inhibited state and loads 
the keystrokes into its buffer. Once the inhibited 
state is removed, the keystrokes are sent to the 
system. If the DATA signal is low, the keyboard 
recognizes a Request-To-Send condition from the 


system. Keystrokes are also loaded into the keyboard 


buffer for this state and the keyboard prepares to 
receive the system commands. Once this state is 
cleared, the stored keystrokes are sent to the 
system. 


The keyboard transmits keystrokes to the system only 
when both the CLOCK and DATA signals are high (1). 
Data transmitted to the system consist of 11 bits: a 
start bit, 8 data bits, an odd parity bit, and a stop 
bit. Figure 5-6 shows the timing transmission for 
keyboard responses sent to the system. 


Type Start DO 


Bit 
Actual O 
Data | 
| 
DATA 
| 
| 
CLOCK ___| 
Th 


(LSB) 
1 


D1 


a om 


= a ES —_—oD —— ———— iN 


ee | 


Symbol 
Tcy 

Tcl 

Tch 

Th 

Tss 

Tsh 


Code = 


Parameter 
Cycle Time 
Clock Low 
Clock High 
Data Hold 


EDh 


Minimum Maximum 


60 
20 
Zo 
Q 


Stop Bit Setup 8 


Stop Bit Hold 


15 


US 


80 
3S 
45 
Zo 
20 
29 


Notes: 1. DATA signal clamped low by system, used as RIS signal. 
2. DATA signal clamped low by keyboard as Stop Bit. 
3. CLOCK signal clamped low by system to inhibit keyboard. 


Figure 5-6. 


y 


Timing Diagram Standard for Keyboard-to-System Transmissions 


(MSB) 


US 
US 
US 
US 
US 
US 


D/ 


1 


Parit 
(Odd 


1 


‘ Stop 


Q 
| 
| 


Keyboard 


9-29 
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The system can halt a keyboard transmission by 
setting the CLOCK signal low. The keyboard checks 
the CLOCK signal every 60 us to verify the signal 
state. If the CLOCK signal is detected as low, the 
keyboard finishes this transmission only if the 
rising edge of the clock pulse for the parity bit has 
not occurred. 


Responses sent from the keyboard to the system are 
listed in Table 5-8 and described in the following 
paragraphs. 


Table 5-8. Keyboard Responses to the System 


Code Function 


OOh or FFh Overrun/Key Detection Error 


AAh Power-On Complete 
EQh..Elh Enhanced Code 
83ABh Keyboard ID 

EEh Echo 

FOh Break 

FAh ACK 

FDh Failure Code 


FEH Resend 


Overrun/Key Detection Error (00h or FFh) 


The keyboard places 00h as the last character in the 
keyboard character buffer to indicate a buffer 
overrun for Modes 2 and 3 scan codes. FFh is used 
for Mode 1 scan codes. 


The keyboard transmits a Key Detection Error code 
when a switch closure cannot be identified. For Mode 
1 scan codes, it transmits an FFh; for Modes 2 and 3 
scan codes, it transmits a 00h. The keyboard does 
not perform any kind of self test. 


Power-On Complete (AAh) 


The keyboard transmits the Power-On Complete (AAh) 
response to the system upon completion of power-on 
and removal of the keyboard inhibit state, or on 
receiving a Reset command from the system. 
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Enhanced Code (E0h, Elh) 


All enhanced operational keys (75 through 85, 124, 
and 125) transmit EOh before each valid scan code in 
the normal Make/Break configuration. The PAUSE/BREAK 
key (126), transmits Elh before each valid scan code 
in the normal Make/Break configuration. 
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Keyboard ID (83ABh) Echo (EEh) 


During power-on, the keyboard receives the Enhanced The keyboard transmits an Echo response to the system 
Keyboard Indicator (F2h) command. The keyboard in response to the system Echo command. This 
responds with an ACK, discontinues scanning, response is substituted for the ACK code. 


transmits the 2-byte Keyboard ID code (low byte, ABh, 
followed by the high byte, 83h), and resumes 
scanning. 


Break (FOh) 


When a key is released, the keyboard transmits a 
Break (FOh) prefix followed by the Make code for that 
particular key. This action occurs in Modes 2 and 3 
only. 
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ACK (FAh) 


a I rae ees eae Ra A PEE ERED I Ta Se Sa LO eS a a RE SEED 


The keyboard transmits an ACK (FAh) code in response 
to recognized system commands, except for an Echo or 
Resend command. If the system begins a transmission 
during an ACK code response, the keyboard discards 
this ACK code and accepts and processes the new 
system command. If the command is not recognized, 
the keyboard sends a Resend command to the system. 
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Failure Code (FDh) Resend (FEh) 

If at any time the keyboard detects within itself a The keyboard transmits a Resend (FEh) response to the 
fault condition, it notifies the system of the fault system in response to an unknown system command. The 
by transmitting the FDh code. Resend response instructs the system to retransmit 


its last command. 
The keyboard does not perform any type of self-test. 
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5.5 CONNECTORS Key 
The keyboard cable for the DESKPRO 386/20 has two eS _ ss sas 

1 KBDCLK 
connectors. One is a 5-pin circular-type DIN 
connector that plugs into the system unit. Table - KBDDATA 
5-9 lists the keyboard-to-system connector signals. J Reserved 

4 SIGNAL GROUND 
Table 5-9. Keyboard-to-System Cable (DIN) Connector 2 +5VDC 
Signals 
P; Signa] 
1 KBDCLK (Keyboard Clock Signal } CHASSIS GROUND 
2 KBDDATA (Keyboard Data Signal} 
> ce: Ee a eee eee Figure 5-7. COMPAQ DESKPRO 386/20 Keyboard Cable-to- 

4 SIGNAL GROUND System (DIN) Connector 
5 +5 VDC 
Shield CHASSIS GROUND 


Figure 5-7 shows the keyboard DIN connector. 
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The second is a 6-pin SDL connector, which plugs into 
the keyboard. Table 5-10 lists the keyboard 
connector signals. 


Table 5-10. Keyboard Connector Signals 

P} Signal 

i Reserved 

2 KBDDATA 

3 SIGNAL GROUND 
4 KBDCLK 

5 +5 VDC 

6 Reserved 
Shield CHASSIS GROUND 


Figure 5-8 shows the SDL keyboard connector. 


Figure 5-8. 


Pin 6 Pin 1 


| 
7 


Bottom View 


— | 


fd 
» 
» 


COMPAQ DESKPRO 386/20 Keyboard Cable-to- 
Keyboard (SDL) Connector 
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9-6 POWER REQUIREMENTS 


Table 5-11 gives the power requirements for the 
COMPAQ Enhanced Keyboard 


Table 5-11. Power Requirements 
Voltage +5VDC + 10% 


Current 250 mA 
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Chapter 6 
POWER SUPPLY 


6.1 INTRODUCTION 


The COMPAQ DESKPRO 386/20™ Personal Computer system 
uses a switching-type power supply to provide high- 
amperage, low-noise, direct current (DC) power for 
the system. The DESKPRO 386/20 power supply was 
designed to complement the other enhancements of the 
system by providing 192 watts (W) of steady-state 
power. 


The power supply provides four voltage levels for the 
system: +5 VDC, -5 VDC, +12 VDC, and -12 VDC. To 
provide good power regulation, the +12 VDC is 
provided as two separate outputs: main and 
auxiliary. 


AC Input 


The power supply alternating-current (AC) input is 
factory-selectable to 120 VAC (for North American 
systems) or 220 to 240 VAC (for international 
systems). North American and international systems 
require different AC power fuses. 


NOTE: Changing the AC input configuration 
invalidates the Compaq warranty. The label 
near the AC power switch states the AC input 
power requirements for your system. 
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Power-On Sequence 


The power-on sequence guarantees that all outputs are 
above the specified low-voltage limits within 100 
milliseconds (ms) of power-on. The output load 
determines the order and the amount of time after the 
PWRGOOD signal is active (high) in which the outputs 
reach their regulated voltage level. Signal +5VRST 
is also set high at or prior to PWRGOOD becoming 
active (high). 


Power-Down Sequence 


The power-down sequence is dependent on the same 
variables as the power-on sequence. The output load 
determines both the order in which the output 
voltages drop out of regulation and the time 
remaining after the PWRGOOD signal becomes inactive 
(low). The PWRGOOD signal goes low within 8 ms after 
the power switch is turned off. 
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Autocycle Circuitry 


The autocycle circuitry is the heart of the fault- 
detection functions for the power supply. When a 
fault is detected, the autocycle circuitry causes the 
power supply to shut off for approximately 2 seconds, 
then allows it to try to start up. If the fault 
still exists, the power supply stays off for another 
2 seconds, then again tries to start up. This 
process is a continuing one. 


The following paragraphs describe the fault-detection 
circuits that trigger the autocycle circuitry for 
system protection. 


The overvoltage protection circuit provides two types 
of protection. First, all outputs have a zener diode 
that shorts to ground any supply voltage that exceeds 
specifications. Second, the +5 VDC output has an 
overvoltage crowbar circuit that triggers the 
autocycle function when the output exceeds +5.6 VDC. 


The low-voltage protection circuit monitors the 
direct-current outputs. When one of the outputs 
drops below the specified limit, it triggers the 
autocycle circuit. 


The AC input overcurrent protection circuit is a fuse 
located at the rear of the unit. The fuse rating 
varies with the input voltage required by the system 
unit. A spare fuse is included in the fuse-holder 
assembly. 


The brownout-protection circuit and the autocycle 
circuit are triggered if the AC input voltage drops 
to between 100 to 65 VAC (for North American systems) 
or between 200 to 130 VAC (for international systems) 
under nominal to heavy loads. 


CAUTION 
Do not attempt to disassemble or 
repair the power supply. It has no 
user-serviceable components. Never 
operate the power supply without a 
load. 


Power Supply b=3 


6.2 SPECIFICATIONS Table 6-1. (Continued) 
Current (In Amperes) 
Tables 6-1 through 6-3 provide various power supply Voltage Nominal Min. Max. Abs. Max. Variance 
specifications. Regulation: (Note 3): 
+5 VDC +5.0 1.5 20.0 - +2h 
Table 6-1. Power Supply Specifications +12 VDC +12.25 1.0 5.0 7.0 +2% 
Input AC voltage RMS: +12 VDC(Aux) +12.25 0.0 5.0 7.0 +2% 
North American 102 to 132 VAC -9 VDC “9.0 0.0 0.9 £9 
International 204 to 264 VAC 12 VDC -i2.0 00 #41.0 - +5% 
Line frequency 47 to 62 Hz Over-Voltage Limits: 
Input fuse rating: 7 a ae 
North American 120 VAC RMS 5 A * ae ae 
) International 220-240 VAC RMS 4A s bs ea ona 
In-rush current (peak, over 2. @ i . h aas 
one line cycle interval): Maximum Ripple/Output 50 mV RMS 
120 VAC 40 A Notes: 1. These limits were established under the 
following conditions: 120 V, 60 Hz, 25 C, 
220-240 VAC 80 mean sea level, and 50-percent relative 
Power dissipation (Note 1): humidity. 
Starting (Note 2) 220 W 2. Peak output power may be used on a 
Steady state 192 W 5-percent duty cycle, not to exceed 
30 seconds of continuous operation. 
(Continued) 3. Abs. Max. = absolute maximum current. 


The peak output power may be used on a 
5-percent duty cycle, not to exceed 
30 seconds of continuous operation. 
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Table 6-2 gives the amounts of power available for 
typical DESKPRO 386/20 configurations. It also gives 
the remaining amounts of power available for use by 
expansion boards. Note that the amount of power 
drawn from each expansion slot is limited to that 
given in Table 6-3. Limitations of the +12 VDC 
supply do not allow the installation of a fixed disk 
drive backup in a dual configuration. 


Table 6-2. Power Allocation per Slot (In Amperes) 
Slot +5 VDC +12 VDC -12 VDC -5 VDC 


8-Bit 3.0 bed ie 1.5 
16-Bit 4.5 ‘ee Leo Lio 


Table 6-3 lists the power available for expansion in 
a typical DESKPRO 386/20 with the following 
components: 


= System board 
m 32-Bit 1-Megabyte System Memory Board 


= Multipurpose fixed disk drive controller (MFDC) 
board 


Buffered ESDI fixed disk drive controller board 
COMPAQ Enhanced Color Graphics Board 


= 1.2-MB diskette drive 
= 60-MB fixed disk drive 


= 40-MB fixed disk drive tape backup 


COMPAQ Enhanced Keyboard 


Table 6-3. COMPAQ DESKPRO 386/20 Power Available for 


Expansion 
Typical Total Power Available (In Amperes 
Configuration +5VDC +12VDC -12VDC -5VDC 
With Dual-Mode 
Monitor 8.0 2.0 0.3 0.2 
With Color 


Monitor 8.0 oS 0.3 0.2 


6.3 CONNECTOR 


Table 6-4 describes the DESKPRO 386/20 power supply signals. 
the power supply to the system board. 


Table 6-4. Power Suppl 


Signal 
+5VRST 


PWRGOOD 


+5 VDC 
+5VS 


GROUND 
-5 VDC 
-12 VDC 
+12VMAIN 


+12VAUX 


Ke 


No Connection 


Pin 
l 


2 


11,12,13 
14 


Og) yOp onto KC 
10 


0 


0 


Power Suppl y 


Connector Signals to the System Board 
1/0 


Description 


The +5VRST signal is regulated from an internal +15 VDC line. This 


Signal ranges from +4.8 VDC to +5.2 VDC. 

The PWRGOOD signal is controlled by the low-voltage monitor 
and the missing cycle detector circuits. When all outputs 
are above the minimum values (see specifications), and there 
is no fault, the PWRGOOD signal is TTL high (+3.5 to 

+5.25 VDC). If a low-voltage condition is detected, the 
PWRGOOD signal is pulled low (less than 0.4 VDC). 

+5.0 VDC 

The +5VS signal provides feedback from the system board. 

The power supply shuts down when the +5VS signal is 
interrupted or disconnected. 

Signal Ground 

-5 VDC 

-12 VDC 

+12 VDC for Jl11 and J112 (diskette drives A and B), J113 
(COMPAQ Dual-Mode Monitor power), and expansion bus slots 
+12 VDC for J109 and J110 (fixed disk drive C and fixed disk 
drive backup) 
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Figure 6-1 shows the voltages or signals provided by 
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Pin Signal 
1 |0O} +5 VRST (Not used) 
2 {QO} PWRGOOD 
a Key 
4 ;0} No Connection 
2 (i) #12 VOC 
6 |O} GROUND 
7 | 0} GROUND 
8 | 0} GROUND 
9 | 0} GROUND 
10 | OO}; —5 VDC 
11 ;}O}] +5 VDC 
12 }Q]; +5 VDC 
13 ;Q} +5 VDC 
14 ;,0} +5VS 
15 |} QO} +12 VDC (Main) 
16 |O} +12 VDC (Aux) 
17 | OQ} +12 VDC (Aux) 
18 | QO} +12 VDC (Main) 
19 | O | GROUND 
20 | O | GROUND 


Figure 6-1. COMPAQ DESKPRO 386/20 Power Supply Cable Connector 
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Chapter 7 


;=] 


MULTIPURPOSE FIXED DISK DRIVE CONTROLLER BOARDS 


7.1 INTRODUCTION 


The multipurpose fixed disk drive controller (MFDDC) 
board is included with the COMPAQ DESKPRO 386/20'™ 
Personal Computer as a standard feature. It supplies 
diskette drive control functions, asynchronous 
communications functions, parallel printer 
communications functions, and it controls the 40-MB 
fixed disk drive backup (tape backup). 


Two versions are presented in this chapter. Because 
their functionality is the same, only their 
differences will be noted in this chapter. Their 
differences will be noted by the notation, Version 1 
and Version 2. Version 1 refers to MFDDC board, 
assembly number 000336. Version 2 refers to MFDDC 
board, assembly number 000815. 


The MFDDC board interfaces with the 60-MB fixed disk 
drive. The 60-MB fixed disk drive has an integrated 
controller on the logic board that is part of the 
drive. The MFDDC board circuitry provides address 
decoding, buffers, and control and data connectors 
for the fixed disk drive controller. 


Figure 7-1 shows the component layout for the MFDDC 
board, Version 1. Figure 7-2 shows the component 
layout for the MFDDC board, Version 2. Figure 7-3 
shows the functional block diagram of both MFDDC 
boards. 
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J9O1, Fixed Disk 
Drive Host Adapter 


Asynchronous Communications Element J501, Diskette 
Drive Connector 


Custom LSI 


J9OZ2, Fixed Disk 


Diskette Controller Chip Drive LED Connector 


= rh | J701, Asynchronous 
cons he cs es Communications Connector 
si 


JSO2, Parallel 
Printer Connector 


JI, Asynchronous 
SW1, Switch Bank 1 Port Base Address 
and Interupt Request Select 


J2, Diskette Controller 
Base—Address Select 


Figure 7-1. Component Layout of the Multipurpose Fixed Disk Drive Controller (MFDDC) Board, Version 1, 
Assembly No. 000336 


Multipurpose Fixed Disk Drive Controller Boards /-2b 


Switch SW50@ Fixed Disk Drive LED Connector 


J9@2, Fixed Disk Drive Connector 
Asynchronous 
Communications Element 


J5@1, Diskette Drive Connector 


I 
—_ 


© | 

Onaga 
J7@1, Asynchronous 
Communications Connector 


(9) 
© | 

J5@2, Parallel Printer Connector 
© Ly 


> UU 


Custom LSI 


Diskette Controller Chip 


Figure 7-2. Component Layout of the Multipurpose Fixed Disk Drive Controller (MFDDC) Board, Version 2, 
Assembly No. 000815 


ADDRESS 


Note DRIVERS 


) Figure /-3. 
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AYSNCHRONOUS FIXED DISK 


DRIVE 
MUNI N 
penne aaliad ; sisi tise 
EXPANSION CONNECTOR 


BUS 
INTERFACE 


> —— 


1/0 (PORT) 
DECODING 


PRINTER 
DATA 
LATCH 
AND 


DISKETTE 
CLOCK 


WDATA 


RDATA 


CIRCUITS 


GENERATOR 

CIRCUITS 

Mm; ©] @ DRIVE 
a] ml a = WRITE STEP, DIR BOARD) 


DATA 
SEPARATOR 


Functional Block Diagram of Both Multipurpose Fixed Disk Drive Controller (MFDDC) Boards 
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Three functions are controlled by programmable The following sections describe these programmable 
devices: devices and other MFDDC board functions. 


= Diskette controller functions are handled by a 


Table 7-1 lists the I/0 port d on both MFDDC 
diskette controller chip (DCC). ‘ /O0 ports use O 


boards. 
= Asynchronous communications are handled 
by the asynchronous communications element (ACE). 


= Parallel printer output and status are handled by a 
custom large-scale-integration (LSI) device. The 
custom LSI device also handles some drive control 
functions and performs address decoding for the 
fixed disk drive controller interface. 
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Table 7-1. Multipurpose Fixed Disk Drive Controller (MFDDC) Board I/0 Ports 

Port R/W Register Functions Jumper or Switch Switch Setting 
(Version 1, (Version 2, 
Assy. No. 000336) Assy. No. 000815) 

2F8h R/W COM2 Divisor Latch LSB (with DLA bit = 1 (Note 2)) J1, Position 2 SW500-4 ON 

2F8h R COM2 Received Data (with DLA bit = 0 (Note 2)) ss 

2F8h W COM2 Transmit Data (with DLA bit = 0 (Note 2)) ; " 

2F9h R/W COM2 Divisor Latch MSB (with DLA bit = 1 (Note 2)) " ‘i 

2F9h R/W COM2 Interrupt Enable (with DLA bit = 0 (Note 2)) " 

2FAh R COM2 Interrupt ID n " 

2FAh W COM2 Reserved " " 

2FBh R/W COM2 Line Control " " 

2FCh R/W COM2 Modem Control " " 

2FDh R COM2 Line Status . v" 

2FEh R COM2 Modem Status i " 

2FFh R/W COM2 Scratch " " 

370h R/W Diskette2 Reserved (Note 1) J2, Position 2 SW500-1 ON 

371h R/W Diskette2 Reserved (Note 1) " " 

372h W Diskette2 Drive Control (Note 1) " " 

372h R Diskette2 Reserved (Note 1) i " 

373h R/W Diskette2 Reserved (Note 1) : " 

Notes: Diskettel and Diskette2 reference the capability of using two addressable diskette controller boards, 


not diskette drives. 


The DLA bit is in the Line Control register. 


and reset (=0) to access the Data and the Interrupt Enable registers. 


This bit must be set (=1) to access the divisor latches 


(Continued) 
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Table 7-1. 
Port 


(Continued) 

R/W Register Functions Jumper or Switch Switch Setting 
Setting (Version 1 (Version 2, 
Assy. No. 000336) Assy. No. 000815) 

R Diskette2 Main Status (Note 1) J2, Position 2 SW500-1 ON 

W Diskette2 Reserved (Note 1) " 

R/W  Diskette2 Data (Note 1) " r 

R Diskette2 and Fixed Disk 2 Status (Note 1) . " 

W Diskette2 Data Rate (Note) " m 

R/W  Printerl Data SW2 ON SW500-6 OFF 

R Printerl Status " 7 

W Printerl Reserved n T 


R/W  Printerl Control 7 7 
R/W  Printerl Reserved n 7 
R/W Diskettel Reserved J2, Position 1 SW500-1 OFF 
R/W ODiskettel Reserved " <r 


W Diskettel Drive Control " T 


R Diskettel Reserved r T 
R/W Diskettel Reserved " 77 
R Diskettel Main Status " r 


W Diskettel Reserved ve T 


R/W Diskettel Data 7 7 
R Diskettel and Fixed Disk 1 Status : " 


W Diskettel Data Rate re r 


Diskettel and Diskette2 reference the capability of using two addressable diskette controller boards, 
not diskette drives. 

The DLA bit is in the Line Control register. This bit must be set (=1) to access the divisor latches 
and reset (=0) to access the Data and the Interrupt Enable registers. 


(Continued) 


Table 7-1. 


Port 
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(Continued) 


R/W 


R/W 


Register Functions 


COM1 
COM] 
COM] 
COM1 
COM1 
COM1 
COM1 
COM1 
COM1 
COM1 
COM1 
COM] 


Divisor Latch LSB (with DLA bit = 1 (Note 2)) 
Received Data (with DLA bit = 0 (Note 2)) 
Transmit Data (with DLA bit = 0 (Note 2)) 
Divisor Latch MSB (with DLA bit = 1 (Note 2)) 


Interrupt Enable (with DLA bit = 0 (Note 2)) 
Interrupt ID 

Reserved 

Line Control 

Modem Control 

Line Status 

Modem Status 

Reserved 


Jumper or Switch 
Setting (Version l, 
Assy. No. 000336) 


Jl, Position 1 


Switch Setting 
(Version 2, 
Assy. No 000815) 


SW500-4 OFF 


Diskettel and Diskette2 reference the capability of using two addressable diskette controller boards, 
not diskette drives. 


The DLA bit is in the Line Control register. 
and reset (=0) to access the Data and the Interrupt Enable registers. 


ee eee = ee eee ra re ee ee 


This bit must be set (=1) to access the divisor latches 
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7.2 MFDDC BOARD CIRCUITS 


The MFDDC board circuits control one or two 5.25-inch 
1.2-MB or 360-KB diskette drives and a 40-MB tape 
backup. The MFDDC circuits also controls a 3.5-inch 
1.44-MB diskette drive and a 60-MB fixed disk drive. 


The MFDDC board uses four I/0 port addresses to 
transmit data to and from a diskette drive, to 
control the drive functions, and to read the current 
drive status. Table 7-2 lists the port addresses for 
the board. 


Table 7-2. Port Addresses for the MFDDC Board 
Port 
1 2 R/W Register Function 

3F2h = 372h W Drive Control 

3F4h 374h R Main Status 

3F5h = 375hn R/W Data 

3F7h = 377h 


Data-Transfer Rate Control 
Diskette and Fixed Disk 
_ status __ 


MFDDC Registers 


These registers are described in the following 
paragraphs. 


Drive Control (3F2h, Write Only) 


The Drive Control register is part of the custom LSI 
device. It controls the functions of interrupt and 
DMA enable, drive MOTOR ON, DRIVE SELECT, and 
controller reset. The format for this register is: 


BIT 
76543210 
Ll 9 Diskette drive 1 selected 


Ol = Diskette drive 2 selected 
10 = Reserved 

11 = Tape backup 

QO = Reenable drive controller 
1 = Reenable drive controller 
0 = Interrupts and DMA disabled 
1 = Interrupts and DMA enabled 
QO = Diskette drive 1 motor off 
1 = Diskette drive 1 motor on 
O = Diskette drive 2 motor off 
1 = Diskette drive 2 motor on 


00 (Reserved) 


Main Status (3F4h, Read Only) 


The Main Status register is part of the diskette 
controller chip (DCC) and is used as the Diskette 
Status register. 
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Data (3F5h) 


The Data register is part of the DCC. Data commands 
are written to the DCC, and data and status bytes are 
read from the DCC through this port. 


7-10 COMPAQ DESKPRO 386/20 Technical Reference Guide 


Data-Transfer Rate Control (3F7h, Write Only) 


This register contains the current data-transfer rate 
in kilobits per second (kb/s). The format for this 
register is: 


BIT 
76543210 
Data-Transfer Rate (kb/s) 
00 = 500 
O01 = 300 
10 = 250 
11 = Reserved 


000000 (Reserved) 


Diskette and Fixed Disk Status (3F7h, Read Only} 


This register provides both diskette 1 status 
information (bit <7>) and fixed disk 1 status 
information (bits <6..0>). The format for this 
register is as follows: 


Bit 
76543210 


ia 


Drive Select 0- 
Drive Select 1- 
Head Select 0- 
Head Select 1- 
Head Select 2- 
Head Select 3- 
Write Gate- 
Diskette Change 


The following paragraphs describe the MFDDC board 
circuit including: 


= Drive controller 

= Custom LSI device 

= Programmable data-transfer rate 
= Data separator 


= Write precompensation and write control 


Drive Controller 


The DCC accepts commands from the system and controls 
most drive functions and the transfer of data to the 
drives. 


The DCC operates in the DMA mode for data transfers 
to the system. It issues a DMA request (DRQ2) signal 
and receives a DMA acknowledge (DACK2-) signal for 
each byte transferred. 


The DCC has two registers, a Data register and the 
Main Status register. The Data register is used to 
program the device or to transmit or receive blocks 
of data. 


Multipurpose Fixed Disk Drive Controller Boards /7-11 


All DCC commands have three operating phases: 


= The command phase, in which the DCC receives the 
command from the system 


= The execution phase, in which tne DCC carries out 
the command 


= The results phase, in which the status and results 
are read back from the DCC to the system 


For detailed command information, refer to the NEC 
UPD765 or Intel 8272A component data sheets. 


Custom LSI Device 


The custom LSI device is a circuit for address 
decoding and control signal timing. It is addressed 
as a port device to control the diskette drive motors 
and drive selection. 
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Programmable Data-Transfer Rate 


The system can transfer data with the diskette drives 
at 250, 300, or 500 kb/s. Table 7-3 lists the data- 
transfer rates used by various drives. The Data- 
Transfer Rate Control register (3F7h) describes the 
bits that specify the transfer rate. 


Table 7-3. Programmable Data-Transfer Rates 
Data- 


Transfer 

Rate 

(in kb/s) When Using: 

500 1.2-MB diskette drive with 1.2-MB 
media 

500 40-MB tape backup with 40-MB media 

500 1.44-MB diskette drive with 1.44-MB media 

300 1.2-MB diskette drive with 360-KB media 

250 360 KB Double-density diskette drive with 
360 KB media 

250 40-MB fixed disk drive backup data with 
10-MB media 

250 1.44-MB diskette drive with 720-KB media 


ee eee A nn + a 


Data Separator 


Data separation is the process of separating the 
combined DATA and CLOCK signal from the drives into 
separate CLOCK and DATA lines. 


Most of the data separation functionality is 
contained in a custom Data Separator chip. 


Write Precompensation 


Write precompensation is a process of time-shifting 
write data bits to help negate an opposite shift 
induced during magnetic recording. This process 
increases the data integrity at high data densities. 
The data density increases as the diskette drive head 
approaches the center tracks. 


Write precompensation is always on. The amount of 
precompensation (in nanoseconds) varies with the 
data-transfer rate, as given in Table 7-4. 


Table 7-4. Write Precompensation Amounts 


Data-Transfer Rate Precompensation 


(In kb/s) (In ns) 
500 125 
300 208 


7.3 ASYNCHRONOUS 
COMMUNICATIONS CIRCUITS 


The heart of the asynchronous communications circuit 


is an asynchronous communications element (ACE). 
This device changes data received in a parallel 
format from the system to data in a asynchronous 
format for a asynchronous printer or other 
asynchronous device. The ACE also performs the 
reverse function--changing data received in an 
asynchronous format to a parallel format. 


The ACE is I/0-mapped at ports 3F8h..3FFh or 
2F8h..2FFh, depending on whether COM1 or COM2 is 
selected. The I/0 port addresses are given in 
Table 7-5. 


For information on configuration switch settings, 


refer to Section 7.6, Switches, in this chapter. 
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Table 7-5. I/0 Ports for Asynchronous Communications 


Port 

COM1 COM2 =~ Function 

3F8h 2F8h Receiver Buffer (when read by 
system), Transmitter Holding register 
(when written to by system} 

OR 

(See Note) Baud Rate Divisor Latch 

3F9n 2F9h Interrupt Enable or 

(See Baud Rate Divisor Latch 

3FAh 2FAh Interrupt ID (read only) 

3FBh 2FBh Line Control 

3FCh 2FCh Modem Control 

3FDh 2FDh Line Status 

3FEh 2FEHh Modem Status 

3FFh 2FFh Reserved 


Note: When bit <7> of the Line Control register 


is set (=1), writing to the first two ports 
programs the divisor rate for the baud rate 
| generator. | 


The registers for asynchronous communications are 
described in the following paragraphs. 
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ACE Receiver Buffer or Transmitter Holding (3F8h) ACE Baud Rate Divisor Latch (3F8h, 3F9h) 
This register contains the byte just received or the The ACE contains a built-in baud rate generator that 
next byte to be transmitted by the ACE. divides the input clock (1.8432 MHz) by a divisor to 


create a desired baud rate or asynchronous 
transmission frequency. 


The divisor is found according to the equation: 
Divisor = 1843200 / (Desired Baud Rate x 16) 


The following tabulation gives the divisors 
calculated for specific baud rates: 


Baud Rate  Divisor 


110 1047 
150 768 
300 384 
600 192 
1200 96 
2400 48 
4800 24 
9600 12 
19200 6 


Setting bit <7> (= 1) enables the first two I/0 
addresses of the Line Control register as the 
addresses for the least- and most-significant bytes 
of the 16-bit baud rate divisor. 


ACE Interrupt Enable (3F9h) 


The bits of this register enable up to four interrupt 
sources. The register format is: 


BIT 
76543210 
L_ 1 = Received Data Available 

interrupt enabled 

1 = Transmitter Holding Register 
Empty interrupt enabled 

1 = Receiver Line Status 
interrupt enabled 

1 = Modem Status interrupt enabled 


0000 (Reserved) 
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ACE Interrupt ID (3FAh, Read Only) 


When a hardware interrupt occurs, the system searches 
for the device sending the interrupt and the reason 
for that interrupt. 


This register contains one bit that flags the ACE as 
the source of the interrupt and two bits that specify 
the reason for the interrupt. The ACE interrupts are 
prioritized, listed below with the lowest-priority 
interrupt first. To clear the interrupt, read the 
contents of the register shown. 


BIT 
76543210 
L_ 9 = Interrupt is pending. (This 
device sent interrupt. } 


00 = Modem Status register--Clear To 
Send, Data Set Ready, Ring 
Indicator, or Carrier Detect 


01 = Transmitter Holding register 
empty 

10 = Received Data Available 

11 = Receiver Line Status register 


(Overrun Error, Parity Error, 
Framing Error, or Break} 


00000 (Reserved) 
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ACE Line Control (3FBh) ACE Modem Control (3FCh) 
This register specifies the asynchronous data This register controls the modem interface lines. 
transmission format. BIT 
BIT 76543210 
76543210 L— 1 = DTR- signal active 
Lt Word length (no. of bits} 
00 = 5 1 = RTS- signal active 
O1 = 6 
10 = 7 0 (Reserved) 
ll = 8 
1 = Enable asynchronous port interrupts 
Stop bits 
0=1 1 = Enable internal loopback 
1 = 2 
000 (Reserved) 
Parity Bit 
1 = Enabled Where 1 indicates an active signal and 0 indicates a 
0 = Disabled non-active signal. 
Parity 
0 = Odd 
1 = Even 
1 = Stick Parity--with even 


parity enabled, the parity 
bit becomes active low 


1 = Break Control bit--forces 
SOUT signal low 


QO = Enable Receiver 
Buffer/Transmitter 
Holding registers and Interrupt 
Enable register access 

1 = Enable Divisor Latch Access 
to write baud rate divisor 


ACE Line Status (3FDh, Read Only) 


This register contains the status of the current data 
transfer. 


BIT 
76543210 


- 


A character is in the Data 
register to be read 


1 = Overrun error--data lost 
1 = Parity error 
1 = Framing error 


1 = When a Break interrupt has 
occurred 


1 = Transmitter Holding register is 
empty, ready for character 


1 = Transmitter Holding register and 
Transmitter Shift register are 
empty 

O (Reserved) 
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ACE Modem Status (3FEh, Read Only) 


This register contains the status of the modem 
interface lines. 


BIT 
76543210 


- 


= CTS- has changed state since 
last read by the system 


1 = DSR- has changed state since 
last read by the system 

1 = RI- has changed state since 
last read by the system 

1 = DCD- has changed state since 
last read by the system 

1 = CTS- signal active 


1 = DSR- signal active 


=» 
I 


RI- signal active 


1 = DCD- signal active 
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ACE Reserved (3FFh) 


This register is not used currently. 


7.4 PRINTER CIRCUITS 


The printer circuits are addressed as ports that are 
part of the custom LSI devices. Data are sent in 
parallel to the printer, and printer status is 
received from the printer through these ports. 


The printer can be enabled as the primary printer 
(I1/O-mapped at ports 3BCh..3BEh) or disabled. When 
the printer port is disabled, the printer port of a 
different controller can be used instead. For 
information on configuration switch settings, refer 
to Section 7.6, Switches, in this chapter. 


Before printing, the system must select the printer 
for output (through the Printer Control register). 
For each byte sent to the printer, the system: 


1. Checks the Printer Status register. If the busy, 
paper out, or printer fault signals are active, 
the system either waits until the status changes 
or shows an error message. (For a complete 
listing of error messages, refer to Appendix A, 
Error Messages. ) 


2. Sends a byte of data to the Printer Data register, 
then pulses the printer STROBE signal (through the 
Printer Control register) for 500 nanoseconds (ns) 
or longer. 


3. Monitors the Printer Status register for 


acknowledgment of the data byte before sending the 
next byte. 


In addition to data lines to the printer, the system 
also has several lines that control printer 
functions. 


Printer functions are controlled by writing to or 
reading from I/O ports. The printer access I/0 ports 
are given in Table 7-6. 


Table 7-6. 1/0 Ports for Printer Access 


a a a a EE TE EP LE IIS TTT TN IE TT a OT NN aE OE Ee EE EE 


Port R/W Function 

3BCh R/W Printer Data 
3BDh R Printer Status 
3BEh R/W Printer Control 


me ee ——— 


These registers are described in the following 
paragraphs. 
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Printer Data (3BCh, Read/Write} 


Each byte written to the Printer Data register (read 
or write) is latched into a loopback register and is 
sent to the printer. The register contents can be 
read back (for test purposes). 
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Printer Status (3BDh, Read Only) Printer Control (3BEh) 


This register contains the current printer status. This register selects the printer for output, strobes 


BIT the data into the printer, and performs other printer 
76543210 control functions. 
Lil ggg (Reserved) BIT 
Q = Printer error heh hia a 
1 = Printer strobe 


1 = Printer selected (on line) 
1 = Printer auto line feed 


1 = Out of paper 


0 = Initialize printer 
QO = Printer acknowledges correct . 
receipt of data byte 1 = Printer select 
QO = Printer busy 1 = Enable interrupt bit 


000 (Reserved) 
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7.5 JUMPERS 


The jumpers contained on the MFDDC board, Version 1, are described in Table 7-7 and are shown in Figure 7-1. 


Table 7-7. Multipurpose Fixed Disk Drive Controller Board Jumpers (MFDDC Version 1 Only) 
Jumper Function 


Jl Asynchronous Port Base-Address and Interrupt Request Select. This address-selection option allows two 
asynchronous ports to operate at the same time, using two I/0 port ranges. 
Position 1, COMl-Asynchronous Port 1 selected (3F8h and IRQ4 standard). 
Position 2, COM2-Asynchronous Port 2 selected (2F8h and IRQ3). (See Note) 
J2 Diskette and Fixed Disk Drive Base-Address Select. This address selection option is available for special 
applications and under normal circumstances should not be changed. 
Position 1, Primary (Diskettel) Address Select (3F0Oh standard). 
Position 2, Secondary (Diskette2) Address Select (370h). (See Note) 
"Diskettel and Diskette2° reference the capability of using two addressable diskette drive controller 
boards, not diskette drives. 
Note: To change a jumper setting, remove the shunt jumper from the socket, rotate it 180 degrees, and reinstall it 
in the socket. 
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7.6 SWITCHES 


Both versions of the MFDDC board have switches 
located in one switch bank. Version 1 has four 
switches in its switch bank, SWl. Version 2 has six 
switches in its switch bank, SW500. Switch bank SW1 
is described in Table 7-8 and switch bank SW500 is 
described in Table 7-9. 


Refer to Figures 7-1 and 7-2 for locations of switch 
bank SW1 (Version 1) and switch bank SW500 
(Version 2). 


Table 7-8. Controller Board Switch SwWl 


Switch 
Number Function 
l Diskette Drive and Fixed Disk Drive 


address 
S1 = ON, Secondary address 3/X and 17X 


Sl = OFF, Primary address 3FX and 1FX 


2 Diskette Drive configuration 
S2 = ON, Dual-speed mode enabled 
S2 = OFF, Dual-speed mode disabled 
3 Fixed Disk Drive configuration 
S3 = ON, Disabled 
S3 = OFF, Enabled 
4 Asynchronous port address 


S4 = ON, Secondary address 2FX, IRQ3 
04 = OFF, Primary address 3FX, I[RQ4 
5 Asynchronous port configuration 
S5 = ON, Disabled 
S5 = OFF, Enabled 
Printer port configuration 
S6 = ON, Printer port disable 
S6 = OFF, Printer address 3BX 


Oo 


Table 7-9. Controller Board Switch SW500 


Switch 
Number Function 
l Diskette Drive and Fixed Disk Drive 


address 
Sl = ON, Secondary address 37X and 1/7X 


ol = OFF, Primary address 3FX and 1FX 


2 Diskette Drive configuration 
S2 = ON, Dual-speed mode enabled 
S2 = OFF, Dual-speed mode disabled 
3 Fixed Disk Drive configuration 
S3 = ON, Disabled 
S3 = OFF, Enabled 
4 Asynchronous port address 


S4 = ON, Secondary address 2FX, IRQ3 
94 = OFF, Primary address 3FX, IRQ4 
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7.7 CONNECTORS 


Table 7-10 is a master listing of the connector 
descriptions for both MFDDC boards. This listing 
refers the user to a specific table giving the signal 
description for each connector. The signal 
descriptions are given in Tables 7-11 through 7-15. 


Refer to Figures 7-1 and 7-2 for connector locations 
for Version 1 and Version 2 of the MFDDC boards. 


For the MFDDC board signals used by the diskette 
drives and the tape, refer to Table 7-1/7. 


Table 7-10. MFDDC Board Connectors 
Location of 


Connector Description Signal Description 

J701 Asynchronous Table 7-11 
Communications 
Connector 

J502 Parallel Printer Table 7-12 
Connector 

J902 Fixed Disk Drive LED Table 7-13 

J901 Fixed Disk Drive Table 7-14 


Controller Connector 
J501 Diskette Drive Connector Table 7-15 
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Table 7-11. J701, 9-Pin Asynchronous Connector 
Signals 


Signal Pin I/0 Description 

CARRIER 1 I Signal indicating that 

DETECT (CD) a connection is 
established 

CLEAR TO 8 I Signal indicating 

SEND (CTS) readiness to accept data 

DATA SET 6 I Signal--it is online and 

READY (DSR) can receive data 

DATA TERMINAL 4 0. Signal indicating that 

READY (DTR) the computer is ready 

RECEIVE DATA (RX) 2 =I Asynchronous data receive 
line 

REQUEST TO 7 0 - Signal to request a 

SEND (RTS) transmission 

RING 9 I Signal indicating that it 

INDICATOR (RI) is receiving a ringing 
signal from the phone 
line 

SIGNAL GROUND 5 -- hl 


CU EU 


Figure 7-4 shows the 9-pin asynchronous 
communications connector, J/0Ol. 


Signal Pin Pin Signal 


SIGNAL GROUND 5 
RING INDICATOR 
DATA TERM RDY 4 CLEAR TO SEND 


TRANSMIT DATA 3 REQUEST TO SEND 


RECEIVE DATA 2 
CARRIER DETECT 1 een ame Tenens 


Or J CO /O 


Chassis Ground 


Figure 7-4. J/01, 9-Pin Asynchronous Communications 
Connector 


Table 7-12. J502, 25-Pin Parallel Printer Connector 
Signals 

Signa] Pin I/0 Description 

ACKNOWLEDGE- 10 I Data sent to printer have 

been received 

Instructs printer to auto- 

automatically feed one line 

of paper after receiving a 


carriage return 


AUTO 14 Q 
LINEFEED- 


BUSY ll =o Active-high signal indicating 
that the printer cannot 
receive data due to printing, 
offline, or error conditions 

DATA BIT 0 2. 60 Signals transmit data to 

DATA BIT 1 3.6 (0 printer in 8-bit parallel 

DATA BIT 2 4 0 format 

DATA BIT 3 5 60 

DATA BIT 4 6 60 

DATA BIT 5 / Q 

DATA BIT 6 8 0 

DATA BIT 7 9 0 

ERROR- 15 [I Indicates a printer error 


condition such as 


out of paper 
SIGNAL 18  -- Return conductors for 


GROUND 19 -- all signals 


(Continued) 
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Table 7-12. (Continued) 


Signal Pin I/O Description 
INITIALIZE 16 O Initializes the printer and 
PRINTER- clears the print buffer. 


This signal should remain 
active for at least 500 
microseconds (us). 

PAPER END 12 1 Indicates that the printer is 
out of paper. 

SELECT 13. I Indicates that the printer is 
selected and online. 

SELECT IN- 17 OO Selects the printer and 
enables it to accept data. 

STROBE- 1 0 On high-to-low transition, 
causes data present on DATA 
BIT lines to be loaded into 
printer. STROBE- pulse width 
must be a minimum of 500 ns. 
Data must be set up a minimum 
of 500 ns before the high-to- 
low transition and held a 
minimum of 500 ns after the 
low-to-high transition. 


Note: All signals are TIL-level. 
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Figure 7-5 shows the 25-pin parallel printer Table 7-13. J902, Fixed Disk Controller LED 
connector, J502. Indicator Signals 
Signal Pin I/0 Description 
LED ANODE l -- +5 VDC source for the fixed 
S | P P S | ae 
sida ™ ‘i ne disk drive LED indicator. 
= 2 -- Reserved 
STROBE_ ' 6 ACTIVE- 3 0 Indicates that the fixed disk 
DATA BIT @ > \1 62 AUTO LINEFEED— drive is being accessed. This 
DATA BIT 1 31] o2 Sieg hae line is used to drive an 
DATA BIT 2 4 O O INITIALIZE PRINTER— a ane 
O SFIFCT IN— activity LED indicator that 
DATA BIT 3 : C6 SIGNAL GROUND lights when the drive is 
DATA BIT 4 6 O 
O SIGNAL GROUND activated. 
DATA BIT 5 7 O 
O SIGNAL GROUND 
DATA BIT 6 8 O -- 4 -- Reserved 
O SIGNAL GROUND ES 
DATA BIT 7 9 O 
ACKNOWLEDGE— 10 || o © SIGNAL GROUND | | | 
O SIGNAL GROUND Figure 7-6 shows the fixed disk controller LED 
BUSY nani ee, 19t 
PAPER END 12 11 oP SIGNAL GROUND indicator connector, J902. 
SELECT 13 O O SIGNAL GROUND 
CHASSIS GROUND Signal Pin Pin Signal 
LEDANODE 1 2 Reserved 
Figure 7-5. J502, 25-Pin Parallel Printer Connector ACTIVE 5 4 Reserved 


Figure 7-6. J902, Fixed Disk Controller LED 
Indicator Connector 
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Table 7-14. J901, Fixed Disk Controller Connector Table 7-14. (Continued) 
Signals Pin 
Pin (See 
(See Signal Note) I/0 Description 

Signal Note) I/0 Description DD8 4 I/O Data bits DD <15..8>. Most- 

ACTIVE- 39 I Active-low signal indicating DDS 6 I/O significant bits for data and 
that the fixed disk drive LED DD10 8 1/0 status communication between 
indicator is on and the fixed DD11 10 1/0 the controller and the host. 
disk drive is being accessed. DD12 12 1/0 DD15 is the most-significant 

CS1FX- 37 0 Chip Select 1Fx. Chip select DD13 14 I/O bit of this byte. 
decoded from the address bus DD14 16 1/0 
and gated with AEN to select DDIS. 18 TO 
the controller registers at DIOW- 23 0 I/O Write. Active when the 
addresses 1FOh and 1F7h. host writes a control byte or 

CS3FX- 38 0 Chip Select 3Fx. Chip select iC atta word to the controller. 

) decoded from the address bus DIOR- 25 0 1/0 Read. Active when the host 
and gated with AEN to select reads a status byte or data 
the controller registers at word from the controller. 
addresses 3F6h through 3F7h. I/016CS- 32 I Chip Select 16. Chip select 

DAO 35 0 Address bits DA <2..0>. used to signal the processor 

DA1 33 Buffered address lines from the that the current I/0 cycle is a 

DA2 36 address bus to the fixed disk 16-bit, single wait-state 
drive controller. cycle. 

DALE 28 0 Address Latch Enable. Signals IRQI4 —s 3 l Interrupt Request 14. Asserted 
that address bus signals are by the controller to interrupt 
stable and valid. the processor upon completion 

DD7 3 1/0 Data bits DD <7..0> Least- — Fa -Fixed disk operation. 

DD6 5 I/0 significant 8 bits of the RST- l 0 Reset. This signal resets the 

DD5 7 I/0 16-bit data bus for data and controller to the initial 

DD4 9 I/0 status communication between power-on condition. 

DD3 11 I/0 the controller and the host. SIGNAL 2,19, -- Return conductor. 

DD2 13 %I/0 #£ODD7 is the most-significant GROUND 22,24, 

DD1 15 I/0 bit of this byte. 26,30, 

DDO 17 ~=1/0 40 


Note: Pins 20, 21, 27, 29, and 34 are not connected. 


Note: Pins 20, 21, 27, 29, and 34 are not connected. 
(Continued) 
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Figure 7-7 shows the fixed disk controller 


connector, J901. 


SIGNAL GROUND 
RESERVED 
DIOW— 

DIOR— 
RESERVED 
RESERVED 


Figure 7-7. J901, Fixed Disk Controller Connector 


D; 


5 


Signal 

SIGNAL GROUND 
DD8 

DDY 

DD10 

DD11 


SIGNAL GROUND 
SIGNAL GROUND 
SIGNAL GROUND 
DALE 

SIGNAL GROUND 
lOCS16— 
RESERVED 

A2 

CSSFX— 

SIGNAL GROUND 


Table 7-15. J501, Diskette Drive Connector 


Signals 
Signal 
LOW DENSITY- 


DIRECT ION- 


DISKETTE CHANGE- 
(See Note) 


DRIVE 1 SELECT- 
DRIVE 2 SELECT- 
DRIVE 4(TAPE)SELECT- 


INDEX- 


MOTOR1 ON- 


MOTOR2 ON- 


Pin 


34 


14 
12 
6 


10 


16 


I/0 Description 


Q 


0 


Selects low density 
mode on a 1.2-MB or 
1.44-MB diskette 
drive. 


Selects the 
direction in 

which to step 

the head when a 
step pulse is 

issued 

Indicates that the 
drive door has been 
opened 

Allows the selection 
of a drive so that 
it can respond to 
the interface 
Signals 

(Diskette) Indicates 
to the drive 
controller that the 
media index opening 
is under the index 
sensor 

Activates the drivel 
motor 

Activates the drive2 
motor 


Note: Pin 34 of the 34-conductor control cable is 


implemented as the DISKETTE CHANGE- signal. 
Diskette drives that use this pin for DRIVE 


READY- will not work. 


(Continued) 
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Table 7-15. (Continued) Figure 7-8 shows the diskette drive controller 
Signal Pin I/0 Description connector, J501. 
READ DATA- 30 I The data-stream 


read from the 


eteae. whieh Signal Pin Pin Signal 
contains CLOCK and 1 2 LOW DENSITY— 
DATA signals 3 4 Not used 
SIDE SELECT- 32 0 Selects Side 0 : SC ee ee eee 
(Head 0) or Side 1 9 10 MOTOR 1 ON— 
SO Head) 1 12 ‘DRIVE 2 SELECT— 
STEP- 20 QO (Diskette) Tells 13 14 DRIVE 1 SELECT— 
the drive to step 15 16 MOTOR 2 ON- 
the heads one track GROUND 17 18 DIREC TION— 
TRACK 00-/BUSY- 26 I (Diskette) Indicates 19 20 STEP 
> to the controller 21 22 WRITE DATA 
that the heads are 25 24 WRITE GATE— 
a+ toane © 25 26 TRACK 00/BUSY 
ee 2/ 28 WRITE PROTECT— 
WRITE DATA- 22 QO Stream of data 99 30 RFAD DATA— 
written to the Si 32 SIDE SELECT— 
drive when WRITE 33 54 DISKETTE CHANGE— 
GATE- signal is 
enabled 


eS ee ee ee ee, fa Figure 7-8. J501, Diskette Drive Controller 
WRITE GATE- 24 0 Enables the drive Pannectonr 


write circuits so 
data from the WRITE 
DATA- signal are 
written 


WRITE PROTECT- 28 I Indicates to the 
drive controller 
that the media is 


write protected 
Note: Pin 34 of the 34-conductor control cable is 
implemented as the DISKETTE CHANGE- signal. 
Diskette drives that use this pin for DRIVE 
READY- will not work. 
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Table 7-16. Multipurpose Controller Signals Used by the Diskette Drives and 40-MB Tape Backur 


Diskette Drive 1 Diskette Drive 2 40-MB Tape Backup 
Controller (Notes 1, 2) (Notes 1, 2, 5) (Notes 1,2) 


Pin Function Pin Function Pin Function Pin Function 


2 LOW DENSITY- 2 LOW DENSITY- (Note 3) 2 ~——~«LOW DENSITY- (Note 3, 5) 2 | LOW DENSTT Ye 


4 Not used 4 Not ised 4 Notiused 4 Not used 
6 DRIVE 4 (TAPE) SELECT- _—*6_—sDRIVE 4 SELECT. 6 DRIVE 4 SELECT. 6 DRIVE 4 SELECT- 

8 _INDEX- 8 INDEX- 8 __ INDEX- 8 _ INDEX- 

10 MOTOR 1 (A) ON- 10 MOTOR 2 ON-(Note 4) 10 MOTOR 1 ON- 10 MOTOR 2 ON 
12 DRIVE 2 (B) SELECT- 12 DRIVE 1 SELECT-(Note 4) 12 DRIVE 2 SELECT- 12 DRIVE 1 SELECT. 
14 DRIVE 1 (A) SELECT- 14 DRIVE 2 SELECT. (Note 4) 14 | DRIVE 1 SELECT. 14 DRIVE 2 SELECT 


e 
eo fee ° 
e . o%e 
° ° e 
Secs e ° 


16 MOTOR 2 (B) ON- 16 MOTOR 1 ON-(Note 4) 16 MOTOR 2 ON- 16 MOTOR 1 ON 


18 DIRECTION SELECT- 18 DIRECTION SELECT- 18. DIRECTION SELECT- 18 DIRECTION SELECTS 


£20. SIeP= 20... OS EP- 20 STEP- 20 STEP- 
22 WRITE DATA- 22 WRITE DATA- 22 WRITE DATA- 22 WRITE DATA- 
24 WRITE GATE- 24 WRITE GATE- 24 WRITE GATE- 24 WRITE GATE- 


26 TRACK 00-/BUSY- 26 TRACK 00-/ BUSY 26 ‘TRACK 00-/. Busts. 26 TRACK 00-/ BUSY- 


28 WRITE PROTECT- 28 WRITE PROTECT- 28 WRITE PROTECT- 28 WRITE PROTECT- 
30 READ DATA- 30 READ DATA- 30 READ DATA- 30 READ DATA- 


32_ SIDE SELECT: 32_ SIDE_SELECT- 32 SIDE SELECT a2 Sie SELECT 


34 DISKETTE CHANGE- 34 DISKETTE CHANGE- (Note 3)34 DISKETTE CHANGE- (Note 5) 34 | DISKETTE CHANGE= 
Notes: 1. The order of the columns does not reflect the order of the connectors on the diskette disk drive cable. 
2. Shaded areas denote functions unused on that drive. 
3. The LOW DENSITY- and DISKETTE CHANGE- signals are not used on 360-KB (48-TPI) diskette drives. 
4. The diskette drive cable interchanges pin 10 with pin 16 and pin 12 with pin 14 for diskette drive 1. 
5 


. 1.44-MB diskette drives use LOW DENSITY and DISKETTE CHANGE- signals. 
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7.8 SCHEMATICS 


The schematics for both versions of the MFDDC board are shown in Figures 7-9 and 7-10. Compaq Computer Corporation 
does not guarantee the accuracy of the schematics. They are provided to aid in a general understanding of the 
operation of the controller boarcas. 
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NOTES 


1. ANALOG GROUND PLANE IS NOTED BY = 
- A 


2 2. J9B1-20 1S CLIPPED FOR A CONNECTOR KEY. 
D 
= Jgn2—-2 AND J902-4 ARE CLIPPED FOR KEYING. 
4. SHUNT Ji SELECTS THE Com PORT. 
J1 =COML <«3Fx AND IRQ4) 
Ji =COM2 (2Fx AND IRO3> 
5. SHUNT 2 SELECTS THE PRIMARY OR SECONDARY ADDRESSES 
FOR THE FLOPPY AND WINCHESTER CONTROLLERS. 
N.C. aNd ____ 6g 
J2 ZPRIMARY  (FLPY 3F x AND WINCH I1Fx) 2D8s : Pi 3 5 ah 4A8 
2pg —2 3 6B8 
D8 : ~~ ENC C 
Je tee =SECONDARY (FLPY 37x AND WINCH 17x) ede NC ae 
2De : As 4D8 
2D8 ae : = 6A8 
6. SWi DEFINITIONS ARE AS FOLLOWS: 2pe —* re SNC. 
2pe —+4 . + 6A8 
WINCHESTER CONTROLLER ENABLED «ON Ais aL Nad 6A8 
WINCHESTER CONTROLLER DISABLED (OFF) ope ——AEN ' NC 
______ PRINTER ERSBLED «OND a ia 
[ PRINTER DISABLEL («OFF NC. 2 Ce 
SERIAL PORT ENABLE (ON) nC. 4 nee 2cs Poe 
on [TDD Sea) «SERIAL PORT DISABLE (OFF) Nas) Bo fmiyc a 
Cc CNL, N.C. N.C 
J l | | N.C. 4 aye nce} A mnhae 601 
oF NC i man N.C. BLN. & +5 
nc. 4 N.C. N.C Moc. 
N.C. SM m2N,C. ic 1 Sayic R34 
7. PLL CAPACITORS ARE IN uf, S2U, +82%-20%, N.C, ee S REN.C. N.C. nah " Pe 
UNLESS OTHERWISE NOTED. N.C. Af 7. 4D8 : 6C2 
aca —A% Ab fe __IRO6 408 Nc B N.C  1N914B : 
a .c, i me NC. 1N914 
. ene 9 S C. er N.C. 2-NAC. T cre 
8. ALL RESISTORS ARE IN OHMS, 174 W, F%, 238 == SD8 N.C, ail MAC, = 
UNLESS OTHERWISE NOTED. 23g —4 = ns Spe ops ——Dé __©) LJ Mc - DKEN 
oC8 > “a LAL Kc eas 2D8 > C13 he C. 
eRe on * 2A8 2Ds pte : N.C. 
= APS 2 2cB ope —L Spain. 
238 ni . : 6B8 apg —2 N.C. 
238 3! be C ) a ”» 
ase - : i 6A8 pet : S 


“a 6A8 SPARES 


aS eae aaa NE eee ee SeaaD 


Figure 7-9. Multipurpose Fixed Disk Drive Controller Board Schematics, Version 1 (Page 1 of 6) 
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8 7 65 5 4 3 2 
NOTES: 
l. ANALOG GROUNO IS NOTED BY .......... —, 


CHASSIS GROUNO [S NOTED BY ......... 


0 2. J@O01 PIN 20 [S CLIPPED FOR A CONNECTOR KEY. 
3. J902 PIN 2 & J902 PIN 4 ARE CLIPPED FOR KEYING. 
4. CONFIGURATION SETTINGS: (NOTE: ON®= CLOSED; OFF= OPEN) 
SwS00 


POSITION FUNCTION 


/-i- | FLOPPY & WINCHESTER AOORESS 


PRIMARY ADORESS 3FX & LFX 
SECONOARY ADORESS 37x & 17x 


| -2- || eLoppy Cone IGURATION 


QUAL -SPEED MODE OISASBLED 
QUAL -SPEED MODE ENABLED 


| -3- | WINCHESTER CONF [GURATION 


C 
OF F ENABLED 
ON OISABLED 
Se a a RF I A ET IE NI I OTE IEE, 
| -a- | SERTAL PORT AOORESS 
OFF PRIMARY AOORESS 3FX. [RO4 
ON SECONOARY AOORESS 2Fx, IRQ3 
| -5- | SERTAL PORT CONF ICURATION 
OFF ENABLED 
ON OISABLED 
| -6- | PRINTER PORT CONF ICURATION 
OF F PRIMARY AOORESS 38x 
8 ON PRINTER PORT OISABLE 
A 


g 7 6 5 4 3 2 
Figure 7-10. Multipurpose Fixed Disk Drive Controller Board Schematics, Version 2 (Page 1 of 10) 
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Figure 7-10. Multipurpose Fixed Disk Drive Controller Board Schematics, Version 2 (Page 10 of 10) 
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Chapter 8 
DISKETTE DRIVES 


8.1 INTRODUCTION 


The COMPAQ DESKPRO 386/20'™ Personal Computer provides 
a 5.25-inch diskette drive capable of storing 1.2 MB 
of data per diskette. The DESKPRO 386/20 offers an 
optional second 5.25 inch diskette drive that stores 
either 360 KB or 1.2 MB of data per diskette, or a 
3.5-inch diskette drive which stores 1.44 MB of data 
per diskette. 


The diskette drive main chassis contains the: 
= Diskette drive motor 

= Stepper motor 

= Head-carriage assembly 


=" Spindle 


Diskette drive logic board 
= Left and right diskette guides 


= Front bezel 


Front-door mechanism 
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Figure 8-1 shows a typical diskette drive chassis. 


Figure 8-1. Typical Diskette Drive Chassis 


The diskette drive logic board controls the diskette 
drive motor speed, read and write circuits, and other 
electronic circuits. 
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Figure 8-2 is a functional block diagram for a 
diskette drive. 


Diskette/Tape Controller Power Input 
Board Interface (To All Circuits) 


Motor Control 
Control Logic 
Circuit 


Read Circuits 


Write Circuits 


Write—Protect 
Sensor 


Drive 
Motor 


Index Control Read/Write 
Sensor Logic Head 


Activity 
LED 


Indicator 


Figure 8-2. Diskette Drive Functional Block Diagram 


8.2 FUNCTIONAL DESCRIPTION 


The DESKPRO 386/20 allows the use of multiple 
diskette drives, which are connected in a daisy- 
chained manner (one after another on the same cable) 
from a single controller. The drives have four 
jumpers, only one of which is installed, 
corresponding to the individual drive select signals 
in the cable. 


The 1.44-MB, the 1.2-MB, and the 360-KB capacity 
diskette drives are configured identically; that is, 
they are jumpered for the second physical diskette 
drive position and respond to the DRIVE 2 SELECT- 
Signal. The drive is put in this configuration by 
installing jumper DS1 and removing jumpers DSO, DS2, 
and DS3. 


However, it is the drive placement on the cable that 
determines which one becomes drive A. The controller 
cable has two diskette drive connectors, one for 
drive A, the other for drive B. A third connector is 
for the fixed disk drive backup (tape) device. Any 
diskette drive configured as described above and 
plugged into the drive A connector becomes drive A; 
likewise, a drive plugged into the drive B connector 
becomes drive B. The drive A connector is positioned 
between a pair of cable conductor twists. This pair 
of cable twists allows two drives that are configured 
identically to be accessed independently. The drive 
B connector and 40 megabyte tape backup connector is 
on the untwisted portion of the cable. 


The 1.44-MB drive is only supported as drive B. 


The cable termination resistor pack should be 
installed in drive A, regardless of drive capacity. 
There should be no terminaticn on drive B for 
1.2-MB and 360-KB diskette drives. 


1.2-MB Diskette Drive 


The 1.2-MB diskette drive is a high-capacity diskette 
drive with the following features: 


= Half-height, 5.25-inch diskette drive 


= Two transfer rates--300 kb/s (low density) or 
500 kb/s (high density) 


= Data storage on 80 tracks (96 TPI) 


To read or write to 48-TPI media, the software must 
step the 96-TPI drive head twice between each 48-TPI 
track. Because the track width of the 96-TPI 
diskette drive is approximately half the track width 
of the 48-TPI diskette drive, standard 48-TPI 
diskette drives may not be able to read diskettes 
written by the 96-TPI drive in the 48-TPI format. 
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360-KB Diskette Drive (Optional) 


The 360-KB diskette drive has the following features: 
=m Half-height, 5.25-inch diskette drive 


= Double-sided, double-density (DSDD) 40 tracks (48 
TPI) 


= Single transfer rate of 250 kb/s 


1.44-MB Diskette Drive (Optional) 


The 1.44-MB diskette drive is a high-capacity 
diskette drive with the following features: 


= Half-height, 3.5-inch diskette drive 


= Two transfer rates--250 kb/s (low density) or 
500 kb/s (high density) 


= Data storage on 80 tracks (135 TPI) 


= Write and read compatible with low density (720 KB} 
3.5-inch media. 


The 3.5-inch drive is configured in a 5.25-inch, 
half-height adapter frame for ease of mounting in the 
system. 
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8.3 SPECIFICATIONS 


Table 8-1 lists the physical and electrical specifications for the 1.2-MB, 360-KB, and the 1.44-MB diskette drives. 


Table 8-1. 1.2-MB, 360-KB, and 1.44-MB Diskette Drive Physical and Electrical Specifications 


Drive Type 
Size: 
Width 
Height 
Depth 
Capacity: 
Unformatted 
Formatted 
Flux reversal 
densit 
Data-transfer 


rate high/low densit 


Sectors/track 
high/low densit 
Bytes/sector 
Seek time: 
Track-to-track 
Average 
Settling time 
Rotational Speed 


Motor start Time 


1.2-MB Diskette 
Drive 


5.8 in. (146 mn) 
1.6 in. (41 mn) 
8.0 in. (203 mm) 


1,600,000 bytes 
1,228,800 bytes 


9875 FRPI 
(Track 79) 


500/300 kb/s 


15/9 
912 


3 ms 
73 ms 
15 ms 


360 RPM +1.0% 


360-KB Diskette 
Drive 


5.8 in. (146 mn) 
1.6 in. (41 mm) 
8.0 in. (203 mm) 


500,000 bytes 
368,640 bytes 


5876 FRPI 
(Track 39) 


250 kb/s 


9 
912 


6 ms 
80 ms 
15 ms 


300 RPM +1.5% 


1.44-MB Diskette 
Drive 
(Excluding 5.25 Adapters) 


4 

4.0 in (102 mn) 
1.0 in (25 mm) 
6.056 in. (154 mm) 


2,000,000 bytes 
1,474,560 bytes 


17,434 FRPI 
(Track 79) 


500/1250 kb/s 


18/9 
912 


3 ms 
80 ms 
15 ms 


300 RPM +1.0% 


ee ee ee oe rn rm rr ee = em we ee es me ee te 


8.4 CONNECTORS 


A diskette drive has two connectors: control and 
power. Table 8-2 lists the diskette drive control 
Signals. 


Table 8-2. Diskette Drive Control Signals 


Signal Pin I/0 Description 
LOW DENSITY- 2 I When using high-capacity 


drives, this signal selects 


High or Low mode (See Note) 
DIRECTION- 18 I Selects the direction in which 
to move the head when a step 


pulse is issued 
DISKETTE 34 QO Indicates to diskette drive 
CHANGE- controller that the drive door 
has been opened (and possibly 
different media installed) 


(See Note) 
DRIVE 2 12 I Allows the selection of a 
SELECT- diskette drive so that it 
can respond to the interface 
Signals 


Notes: 1. The LOW DENSITY- and DISKETTE CHANGE- 
signals are not used on a 360-KB (48-TPI) 
diskette drive. 


2. All odd pin numbers are ground. 
(Continued) 
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Table 8-2. (Continued) 


Signal Pin I/0 Description 


INDEX- 8 Q- Indicates to the diskette 
drive controller that the 
media index hole is under the 
index sensor 

MOTOR 2 ON- 16 I Activates the drive motor 

READ DATA- 30 0 The data-stream read 
from the diskette containing 
CLOCK and DATA signals 

SIDE SELECT- 32 I Selects side 0 (Head 0) or 
side 1 (Head 1) 

STEP- 20 I Tells the diskette drive to 
step the heads one track 

TRACK 00- 260= OO Indicates to the diskette 
drive controller that the 
heads are at Track 0 

WRITE DATA- 22 I This stream of data is written 
to the diskette when WRITE 

—CGATE- iscenabled 

WRITE GATE- 24 #4’ Enables the diskette drive 
write circuits so data from 
the WRITE DATA- signal are 


written 
WRITE 28 = OQ Indicates to the diskette 
PROTECT- drive controller that the 


media is write protected 
Notes: 1. The LOW DENSITY- and DISKETTE CHANGE- 
Signals are not used on a 360-KB (48-TPI} 
diskette drive. 
2. All odd pin numbers are ground. 
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Figures 8-3 and 8-4, respectively, show the pinouts 
of the diskette drive control and power connectors. 


Signal Pin Pin Signal 


1 2 LOW DENSITY-— (Note 1) 

3 4 Reserved 

5 6 Reserved (Note 1) 

7 8 INDEX— 

9 10 Reserved 

11 12 DRIVE 2 SELECT— (Note 2) 
1 14 Reserved 

15 16 MOTOR 2 ON— (Note 2) 
17 

19 


GROUND 18 DIRECTION— 
20 STEP- 
21 22 £WRITE DATA-— 


23 24 WRITE GATE- 

25 26 TRACK 00- 

27 28 WRITE PROTECT— 

29 30 READ DATA- 

31 32 SIDE SELECT-— 

33 34 DISKETTE CHANGE-— (Note 1) 


Card Edge Connector 


LAYER 7 
LAYER 6 


Notes: 1. Not applicable on 360-KB diskette drives. 
2. DRIVE 2 SELECT- and MOTOR 2 ON- are the 
Signals supplied by the multipurpose fixed 
disk drive controller (MFDDC) board for 
Diskette Drive 1 (A), the signals from the 
MFDDC are DRIVE 1 SELECT- and MOTOR 1 ON-. 


Figure 8-3. Diskette Drive Control] Connector 


Pin 
1 O 
2 O 
a O 
4 ||O 
Figure 8-4. 


Signal 

+12VDC 

GROUND (+12VDC RETURN) 
GROUND (+5VDC RETURN) 
+5SVDC 


Diskette Drive Power Connector 
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Chapter 9 
FIXED DISK DRIVE SYSTEMS 


9.1 INTRODUCTION 


The COMPAQ DESKPRO 386/20™ Personal Computer fixed 
disk drive system includes a fixed disk drive and a 
fixed disk drive controller. Some fixed disk drives, 
such as the DESKPRO 386/20 60-MB fixed disk drive 
system, incorporate the controller circuitry onto the 
logic board of the fixed disk drive. 


A fixed disk drive controller is I/0 mapped into 
specific I/0 addresses. Generally, a jumper on the 
fixed disk drive controller specifies the base I/0 
address for that controller. 


The fixed disk drive controller responds to commands 
given to it and takes control of the fixed disk 
system as needed to transfer information. 


Two fixed disk drive controllers cannot occupy the 
same I/0 addresses without causing bus contention 
problems and possibly damaging the system. 


Fixed Disk Drive Types 


Fixed disk drives vary in the number of heads, 
cylinders, platters, and other internal components. 
Each fixed disk drive has a list of parameters that 
the computer must know to control the fixed disk 
drive. These parameters are stored in ROM on the 
system board. 


Se 


The SETUP program is used to specify which type of 
fixed disk drive is installed in the system. SETUP 
stores the fixed disk drive type in the CMOS 
configuration memory on the system board. SETUP can 
be found on the User DIAGNOSTICS diskette. 


The DESKPRO 386/20 supports three types of fixed disk 
drives. The parameters for these drives have been 
optimized to complement the high performance of the 
other DESKPRO 386/20 subsystems. The 60-MB, 130-MB, 
and 300-MB fixed disk drives have the speed and 
Capacity required by the power applications for which 
the DESKPRO 386/20 is best suited. 


The 60-MB fixed disk drive provides a half-height 
form factor with a 7.5 Mb/s data-transfer rate and an 
average access time of less than 30 ms. The 60-MB 
fixed disk drive is a drive type 4/7. 


The 130-MB fixed disk drive provides a full-height 
form factor with a 10 Mb/s data-transfer rate, and an 
average access time of less than 20 ms. The 130-Mb 
dixed disk drive is a drive type 35 and uses a 
buffered ESDI controller board. 


The 300-MB fixed disk drive provides a full-height 
form factor with a 10 Mb/s data transfer rate with an 
average access time of less than 20 ms over the 
300-MB drive capacity. The 300-MB fixed disk drive 
is a drive type 38 and also uses a buffered ESDI 
controller board. 
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Table 9-1 lists the typical values for the fixed disk Table 9-1. Fixed Disk Drive Parameter Table Values 
drive parameter table including the drive types and Land- 
formatted capacities. The values (such as number of Phe= Ing 
heads and cylinders) for drive types other than those a mei 
supported by Compaq are subject to change. A value Drive Cyl- i Toke Note aetna? atte 
in the Write Precompensation Cylinder column Type __inders Heads 1) 2) Track (MB ) 
indicates the cylinder on which the drive write 1 306 4 128 305 17 10.65 
precompensation begins. A value in the Landing Zone (Note 3) 
Cylinder column indicates the factory-set location y) 615 4 128 638 17 21.41 
where the drive parks the heads at power-down. (Note 3) 
However, the DESKPRO 386/20 system at power-down 3 615 6 128 615 1] 32.12 
automatically retracts the heads and locks them in a 4 1024 8 512 1023 17 71.30 
non-data landing zone. 5 940 6 512 939 17 49.09 
6 697 5 128 696 17 30.33 
(Note 3) 
7 462 8 256 511 1] 32.17 
8 925 5 128 924 17 40.26 
9 900 15 a 899 1] 117.50 
10 980 5 -] 980 17 42.65 
11 925 ] 128 924 17 56.36 
12 925 9 128 924 17 72.46 
(Note 3) 
13 612 8 256 611 17 42.61 
14 980 4 128 980 17 34.12 
15 Reserved - Not for use by end-users 
Notes: 1. A value of -1l means that no write 


precompensation is used. 

2. These values are not used by the COMPAQ 
DESKPRO 386/20 system, which automatically 
retracts and locks the heads in a non-data 
landing zone at power-down. 


3. Drive types supported by Compaq. 
(Continued) 
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Table 9-1. (Continued) Table 9-1. (Continued) 
Land- Land- 
Pre- ing Pre- 1ng 
comp. Zone comp. Zone 
Cyl. Cyl. Ca- Cyl. Cyl. Ca- 
Drive Cyl- Max. (Note (Note Sectors/ pacity Drive Cyl- Max. (Note (Note Sectors/ pacity 
Type __inders Heads 1) 2) Track (MB) Type ___inders Heads __1) 2) Track (MB) 
16 612 4 0 612 »=617 21.31 32 905 9 128 905 25 104.26 
17 980 5 128 980 8617 42.65 33 748 8 -] 748 34 104.17 
(Note 3) 34 966 7 -1 966 34 117.71 
18 966 6 128 966 1/ 50.45 35 O66 3} =| O66 34 134.53 
19 1023 8 -1 1023 «17 71.23 (Note 3) 
20 733 5 256 732 2= 17 31.90 36 966 9 -] 966 34 151.35 
21 733 7 256 7322017 44.66 37 966 5 -1 966 34 84.08 
> 22 805 6 -1 805 17 42.04 38 611 16 -] 611 63 315.30 
23 924 8 -1 924 17 64.34 (Note 3) 

24 066 14 =| 966 17 117.71 39 1023 11 -! 1023 33 190.13 
25 966 16 =] 966 17 134.53 40 1023 15 -l1 1023 34 267.13 
(Note 3) 41 1023 15 -l1 1023 33 259.27 
26 1023 «14 ~1 1023 »=17 124.66 42 1023 16 -1 1023 63 527.97 
27 966 = 10 -] 966 17 84.08 43 805 4 -] 805 26 42.86 
28 748 =16 -] 748 «#17 104.17 44 805 2 -] 805 26 21.43 
29 805 6 -1 805 17 64.30 45 748 8 -] 748 33 101.11 
30 615 4 128 615 25 31.49 (Note 3) 
31 615 —-8 128 615 25 62.98 46 748 6 “174833 75.83 

Notes: 1. A value of -1 means that no write 4] J66 2 128 J66 eo 61.82 
precompensation is used. Note 3) 
2. These values are not used by the COMPAQ Notes: 1. A value of -l means that no write 
DESKPRO 386/20 system, which automatically precompensation is used. 


2. These values are not used by the COMPAQ 
landing zone at power-down. DESKPRO 386/20 system, which automatically 


3. Drive types supported by Compaq. retracts and locks the heads in a non-data 


(Continued) landing zone at power-down. 
3. Drive types supported by Compaq. 


retracts and locks the heads in a non-data 


, 
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Configurations 


The 60-, 130-, and 300-MB fixed disk drive systems 
for the DESKPRO 386/20 are mutually exclusive. No 
more than one system can be used. This is because a 
system cannot have two fixed disk drive controllers 
mapped into the same I/0 addresses. 


The DESKPRO 386/20 can have one of three different 
fixed disk drive configurations: 


= One 60-MB fixed disk drive system with a 
multipurpose fixed disk controller (MFDC) board 
(see Chapter 7, Multipurpose Fixed Disk Controller 
Board, for more information). 


= One 130-MB fixed disk drive system with the COMPAQ 
Buffered ESDI Fixed Disk Drive Controller Board 
(see Section 9.6, in this chapter, for information 
on the ESDI Controller Board). 


= One 300-MB fixed disk drive system with the COMPAQ 
Buffered ESDI Fixed Disk Drive Controller Board 
(see Section 9.6, in this chapter, for information 
on the ESDI Controller Board). 


9.2 FIXED DISK DRIVE 
PROGRAMMING 


All COMPAQ fixed disk drive controllers are fully 
compatible, which means that the I/O addresses, 
registers, and command structures are identical. The 
following paragraphs present the information that is 
common to all fixed disk drive systems. 


The information that is unique for each type of fixed 
disk drive or system is presented in the descriptions 
of the 60-, 130-, and 300-MB fixed disk drive 
systems. 


) 


Registers 


Table 9-2 lists the standard and alternate I/0 
addresses for a fixed disk drive controller. 


Table 9-2. Fixed Disk Drive Controller I/0 Addresses 


1/0 Address 
l 2 R/W Register 


1FOh 170h 8 R/W Data 

LFih L71lh R Error 

LFih L71ih W Write Precompensation Cylinder 
LF2h 172h R/W Sector Count 

1F3h 173h 8 R/W Sector Number 

LF4h 174h #8 R/W Cylinder LOW 

LF5h 175h ~=R/W Cylinder HIGH 

LF6h 176h #8 R/W Drive Select/Head 

LF7h L77h R Status 


LF7h L77h W Command 

3F6h 376h R Alternate Status 

3F6h 376h W Control 

3F7h 377h R Drive Address 
(See Note) 


3F7h 377h W Not used for fixed disk 
Note: Only bits D<6..0> are resident on the fixed 
disk drive controller. Bit </> of this 
I/O address is resident on the multipurpose 
fixed disk drive controller board. 
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Data (1FOh) 


All data to the fixed disk drive controller pass 
through the Data register. The Data register is also 
the port to which the sector table is transferred 
during format commands. All transfers are high-speed 
16-bit I/0 operations except for error correction 
code (ECC) bytes transferred during Read/Write Long 
commands. 
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Error (1Fih, Read Only) 


The Error register contains error status from the 
last command executed by the fixed disk drive 
controller. The contents of this register are valid: 


= When the error bit is set in the Status 
register 


= When the fixed disk drive controller has completed 
execution of its internal diagnostics 


The contents of the Error register are interpreted as 
a diagnostic status byte after the execution of a 
diagnostic command or when the system is initialized. 


The format of the 


BIT 
76543210 


: 


Error register byte is shown below. 


= The data address mark has not 
been found after finding the correct 
ID field 


= Track 0 has not been found 
during a Recalibrate command 


= The requested command has been 
aborted because the fixed disk drive 
status is invalid or because 
the command code is invalid 


= (Not used) 


= The requested sector ID 
field could not be found 


= (Not used) 


= A non-correctable data 
error has occurred 


= A bad-block mark was 
detected in the requested 
sector ID field 


Write Precompensation Cylinder (1Flh, Write Only) 


The Write Precompensation Cylinder register defines 
the cylinder on which write precompensation begins. 
Precompensation time-shifts write data bits to help 
negate an opposite shift induced by the magnetic 
recording process. The controller multiplies the 
value in the register by 4, giving the bits of this 
register greater than usual value, or weight’ (see 
diagram). 


BIT 
76543210 

L_ 1 - 24 

i ‘> 

Lee 

i 

ae 

ian 

ie 

[+e 

1=2 


The following tabulation gives some bit values and 
the resulting starting cylinders for write 
precompensation: 


starting 
Bits Cylinder 
00000001 4 
QO0000010 8 


00000100 16 
00001000 32 
00010000 64 
00100000 128 
01000000 256 
10000000 512 
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Sector Count (1F2h) 


The Sector Count register defines either the number 
of sectors of data to be read or written or the 
number of sectors per track for format commands. If 
the value in this register is zero, a count of 256 
sectors is specified. The sector count is 
decremented as each sector is accessed. The Sector 
Count register contains the number of sectors left to 
access when an error occurs in a multi-sector 
operation. 


During the Initialize Drive Parameters command, the 
sector Count register contains the number of sectors 
per track. 
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Sector Number (1F3h) 


The Sector Number register contains the starting 
sector number for any fixed disk drive access. 


BIT 
76543210 


Starting sector number 


At the completion of each sector and at the end of 
the command, this register is updated to reflect the 
last sector correctly read or the sector on which an 
error occurred. 


Cylinder Low and Cylinder High (1F4h and 1F5h) 


The Cylinder Low and Cylinder High registers contain 
the starting cylinder number for any fixed disk drive 
access. 


The Cylinder Low register is for the least- 
significant 8 bits of the 10-bit cylinder number. 

The two most-significant bits of the cylinder number, 
bits <9> and <8>, should be loaded into the Cylinder 
High register. Bit <1l> of the Cylinder High register 
is the most-significant bit of the 10-bit cylinder 
address. At the completion of a command, these 
registers are updated to reflect the current 
cylinder number. 


Cylinder Low Register: 

BIT 
76543210 
Lti tit it Least-significant 8 bits of 10-bit 
cylinder number 
Cylinder High Register: 

BIT 
76543210 

Most-significant 2 bits of 10-bit 


cylinder number 


000000 (Reserved) 


Drive Select/Head (1F6h) 


This register contains the parameters defined below: 


BIT 

76543210 
Head select number 
0000 = 0 1000 = 8 
0001 = 1 1001 = 9 
0010 = 2 1010 = 10 
0011 = 3 1011 = 11 
0100 = 4 1100 = 12 
0111 = 5 1101 = 13 
0110 = 6 1110 = 14 
QO111 = 7 1111 = 15 
Drive select 
QO = Drive l 
1 = Drive 2 
Sector size 
00 = Reserved 
01 = 512 Bytes/sector 
10 = Reserved 
11 = Reserved 


1 = (Reserved) 


NOTE: Setting bit <4> (Drive Select 2) to 1, 
when no Drive 2 is present, may cause the 
remaining controller registers not to respond 
until Drive 1 is reselected. 
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Status (1F7h, Read Only) 


This register contains the fixed disk drive 
controller and fixed disk drive status. The contents 
of this register are updated at the completion of 
each command. If the Busy bit is set, no other bits 
are valid. Reading this register clears the hardware 
interrupt line, [RQ14. 
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BIT Command (1F7h, Write Only) 
76543210 


7 sina Sines a oe Fixed disk drive controller commands are written to 
Oe ee ae aol the Command register. The following is a list of 
bits in this register to determine 
the source. executable commands, command codes, and necessary 


command parameters. 


- 


1 = Drive INDEX- signal is active. 


1 = A correctable data error has 
occurred and has been 
corrected. This condition does 
not terminate a multisector 
read operation. 


1 = Data request--the controller is 
ready for a byte- or 
word-length data transfer. 
Verify the state of this bit 
before a data transfer. 


1 = Drive SEEK COMPLETE- 
Signal is active (See Note) 


1 = Drive WRITE FAULT- 
Signal is active (See Note) 


1 = Drive READY- signal is 
active (See Note) 


1 = Controller is busy executing a 
command. Other fixed disk drive 
controller register contents are not 
valid until this bit is reset (=0). 


NOTE: When an error exists, the state of the 
Signals does not change until the error is 
read by the system. 
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Bit Alternate Status (3F6h, Read Only) 
76543210 Command Name 
10010001 Initialize Drive Parameters The contents of this register are similar to those of 
O111SSSS Seek (Note 1) eae 
: the Status register, except in the timing and latch 
0001SSSS Recalibrate (Note 1) a . . 
O0OLOOOLR Read Sectors (Notes 2 and 3) control of the specified signals. Reading this 
O01100LR Write Sectors (Notes 2 and 3) register does not clear any hardware conditions. 
O100000R Verify Sectors (Note 3) BIT 
01010000 Format Track 
10010000 Execute Controller Diagnostics ‘ckccce me 
11101100 Identify 1 = Error has been detected--examine 
11100100 Read Sector Buffer the Error register and the other 
111031000 Write Sector Buffer register bits to determine source. 
Notes: 1. SSS S$ = St t d fol lowi 
ae alas ane, Se Penne 1 = INDEX- signal is active 
0000 35.0 ms 1000 4.0 ms 1 = A correctable data error has 
0001 0.5 ms 1001 4.5 ms occurred and has been corrected. 
0010 1.0 ms 1010 50 ms This condition does not terminate 
0011 1.5 ms 1011 5 5 ms a multisector read operation. 
0100 2.0 ms 1100 6.0 ms 
0101 25 ms 1101 6.5 ms 1 = Data request--the controller is 
0110 3.0ms 1110 3.2? ms ready for a byte- or word-length 
0111 3.5 ms 1111 16.0 ms data transfer. Verify the state 
of this bit before a data transfer. 
2. If L = 0, Read or Write 1 . 
performed. an 1 = SEEK COMPLETE- signal is active 
If L = 1, Read Long or Write Long is 
ae mee) = son 1 = WRITE FAULT- signal is active 
3. If R = 0, retries are enabled. 1 = READY- signal is active 
Jt R = 1, retries are disabled. 1 = Controller is busy (executing a 


command). The contents of the 
other registers are not valid until 
this bit is reset (=0). 
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Drive Control (3F6h, Write Only) Drive Address (3F7h, Read Only) 


The Drive Control] register defines several functions This register loops back the drive select and head 
of the fixed disk drive controller. select addresses of the most recently selected fixed 
BIT disk drive. The bits in this port are as follows: 
76543210 BIT 
| 0 (Not used) 76543210 
L_ 0 = Drive 1 selected 
O = Enables interrupts 
1 = Disables interrupts 0 = Drive 2 selected 
1 = Resets controller Head select 
QO = Reenables the controller 0000 = 15 1000 = 7 
0001 = 14 1001 = 6 
O = Disables head select bit <3> 0010 = 13 1010 = 5 
1 = Enables head select bit <3> 0011 = 12 1011 = 4 
0100 = 11 1100 = 3 
0000 (Not used) 0101 = 10 1101 = 2 
0110 = 9 1110 = 1 
Olll = 8 1111 = 0 


QO = Drive WRITE GATE- 
Signal is active 


Reserved for use by the multipurpose 
fixed disk drive controller board 


Commands 


A command is issued to the controller by loading the 
pertinent registers with the needed parameters, 
enabling the fixed disk drive controller interrupt, 
and then writing the command code to the command 
register. Command execution begins when a command is 
written to the command register (1F7h). 


Table 9-3 lists the fixed disk drive controller 
commands. 


Table 9-3. Fixed Disk Drive Controller Commands 


Command Value 
Initialize Drive 

Parameters Sih 
Seek 7xh 
Recalibrate lxh 


Read Sectors with retries 20h (without retries 21h 


( 
Read Long with retries 22h (without retries 23h) 
Write Sectors with retries 30h (without retries 31h) 
( 
( 


Write Long with retries 32h (without retries 33h 
Verify Sectors with retries 40h (without retries 41h 


Format Track 50h 
Execute Controller 

Diagnostic 90h 
Identify ECh 
Read Buffer E4h 


Write Buffer E8h 
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Initialize Drive Parameters (91h) 


The Initialize Drive Parameters command enables the 
host to configure the controller to work with fixed 
disk drives that have different capacities and 
characteristics. 


The Drive/Select/Head register must contain the 
maximum head number, and the Sector Count register 
must contain the number of sectors per track prior to 
executing this command. 


The parameters loaded into the register prior to 
issuance of the command define the drive 
configuration for the specified fixed disk drive. 
If the Initialize Drive Parameters command is not 
issued, the fixed disk drive controller defaults to 
17 sectors per track and 4 heads. 
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Seek (7xh) 


The Seek command initiates a Seek to the track and 
selects the head specified. The fixed disk drive 
need not be formatted for a seek to execute properly. 
The controller supports buffered step seeks, allowing 
overlapped seeks on the drives. 


After initiating a Seek on one fixed disk drive, 
another command can be issued to the other drive. If 
a new command is received for a fixed disk drive with 
an outstanding Seek, then the controller waits, with 
the Busy bit in the Status register active, for the 
Seek to complete before executing the new command. 
There is no time-out condition in the controller 
while waiting for buffered-step seeks to complete. 


The step rate, SSSS, is given in the discussion of 
the command register (1F7h). 


Recalibrate (1xh) 


The Recalibrate command moves the read/write heads to 
cylinder 0. If the fixed disk drive is unable to 
reach cylinder 0, the command is aborted with the 
error bit set in the Status register and the Track 0 
bit set in the Error register. 


The stepping-rate code included with this command 
does not have any effect on the recalibrate stepping, 
but is used as the stepping rate for any subsequent 
implied seeks executed by the controller. 


The step rate, SSSS, is given in the discussion of 
the command register (1F7h). 


Read Sectors (20h or 21h) 


The Read Sectors command reads from 1 to 256 sectors 
as specified in the Sector Count register, beginning 
at the specifiea sector. If the fixed disk drive is 
not already on the requested track, an implied seek 
is performed at the stepping rate defined in the last 
Recalibrate command. 


After reaching the specified track, the controller 
begins searching for the appropriate ID field. If 
retries are disabled (2lh), a maximum of 2 
revolutions are taken and, if retries are enabled 
(20h), 16 revolutions are taken before reporting an 
ID Not Found error. If the ID is read correctly, the 
data address mark must be recognized within a fixed 
number of bytes, or the Data Address Mark Not Found 
error will be reported. 


After the data address mark is found, the data field 
is read and the sector read is finished with either 
no error, a correctable data error, or a non- 
correctable data error, depending on whether or not 
the ECC bytes are correct for the preceding data 
field. The 60-MB fixed disk drive has 4 ECC bytes. 
The 130-MB and 300-MB fixed disk drives have 7 ECC 
bytes. 


If an error occurs during a multiple-sector read, the 
read terminates at the sector where the error occurs. 
The system may then read the registers and determine 
what error has occurred and on which sector. If the 
error was a non-correctable data error, the flawed 
data are still returned to the system. 
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Read Long (22h or 23h) 


A Read Long command returns the data field and the 
ECC bytes contained in the data field of the desired 
sector. 


If entries are enabled (22h), a maximum of 16 
revolutions are taken before the ID Not Found error 
is reported. If entries are not enabled (23h), only 
2 revolutions are taken before the ID Not Found error 
is reported. 


During a Read Long operation, the controller does not 
check the ECC bytes to determine if there has been 
any type of data error. The data bytes are read out 
of the sector buffer at the completion of the 
command, which is signaled by an interrupt. All data 
transfers are high-speed 16-bit operations and all 
ECC byte transfers on Read Long commands are slower 
8-bit operations. 
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Write Sectors (30h or 31h) 


The Write Sectors command writes from 1 to 256 
sectors of data, as specified in the Sector Count 
register, beginning at the specified sector. If the 
fixed disk drive is not already on the requested 
track, an implied seek is performed at the stepping 
rate defined in the last Recalibrate command. 


Once at the desired track, the controller begins 
searching for the appropriate ID field. If retries 
are disabled (31h), a maximum of 2 revolutions are 
taken and, if retries are enabled (30h), 16 
revolutions are taken before reporting an ID Not 
Found error. If the ID is read correctly, the data 
loaded in the sector buffer are written to the data 
field of the sector, along with the approximate 
number of ECC bytes. If an error occurs during a 
multiple-sector write, the write terminates at the 
sector where the error occurs. The system may then 
read the registers, determine what error has 
occurred, and on which sector. 


Write Long (32h or 33h) 


The Write Long command writes the data field and the 
ECC bytes directly from the sector buffer; the 
controller does not generate the ECC bytes. All data 
transfers are high-speed 16-bit operations and al] 
ECC byte transfers on Write Long commands are slower 
8-bit operations. The 60-MB fixed disk drive system 
has 4 ECC bytes, and the 130-MB and 300-MB system 
have 7 ECC bytes. 


If entries are enabled (32h), a maximum of 16 
revolutions are taken before the ID Not Found error 
is reported. If entries are not enabled (33h), only 
2 revolutions are taken before the ID Not Found error 
is reported. 


Verify Sectors (40h or 41h) 


This command is identical to the Read Sectors 
command, except that no data are transferred back to 
the system and no Read Long operations are permitted. 
The read procedure described in the Read command is 
followed and any errors encountered are reported to 
the system. 


This command executes retries the same as the READ 
command does, whether enabled (40h) or disabled 
(41h). 
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Format Track (50h) 


This command formats the track specified by the head 
and cylinder parameters in the registers. Once the 
command is issued, a sector table is output to the 
Data register, and additional bytes should be loaded 
into the buffer until it is full (512 bytes). If the 
fixed disk drive is not already on the specified 
track, an implied Seek is performed at the stepping 
rate defined in the last Recalibrate command. After 
reaching the specified track, the ID and data fields 
are written using the sector table in the sector 
buffer. 


The sector table contains 2 bytes per sector on the 
track. The first byte is 00h if the sector is to be 
formatted normally, or 80h if the sector is to be 
formatted badly. The second byte is the logical 
sector number of the sector. 


As soon as the fixed disk drive controller senses the 
index pulse from the fixed disk drive, formatting 
begins by writing the first physical sector with the 
logical sector number in the first entry of the 
sector table. 
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Subsequent physical sectors are formatted in turn 

from the sector table. The order of the sector table cacy, 
entries will correspond to the interleave factor of 

the track. Media defects may be marked bad on a 


sector level, allowing the remainder of the track to 
be used. 


To format a fixed disk drive with more than 8 heads, 
recalibrate (INT 13h, AH = 11h) head 0, then format 
heads Q through 7. Next, recalibrate head 8 and 
format heads 8 through 15. 


Figure 9-1 shows the contents of a typical sector 
table for a 1/7-sector track with an interleave factor 
of 2 and sector 3 marked bad. 


<a, 


00 01/00 OA {00 02/00 0B /80 03/00 OC|00 04/00 OD 
00 05/00 0E}00 06/00 OF |OO 07]00 10 j00 08/00 11 

OO O9|dd dd|{dd dd|dd ddjdd dd|dd ddjdd dd|dd dd 
dd ddjdd ddjdd dd|dd dd|dd ddjdd ddjdd ddidd dd 


Sector 


- 


dd ddidd ddidd ddidd ddidd ddidd ddidd ddidd dd 


Note: “dd” is a "don't care” byte used to make 
up a total of 512 bytes. 


Figure 9-1. Typical Sector Table 


Execute Diagnostic (90h) 


This command performs the internal diagnostic tests 
implemented by the controller. The results of the 
test are reported to the Error register immediately 
after execution of the command. The value in the 
Error register should be viewed as an unique 8-bit 
code and not as the single-bit flags previously 
defined. 


Table 9-4 lists the error codes and the corresponding 
explanation. 


Table 9-4. Fixed Disk Drive Controller Error Codes 


Error 
Code Description 


Olh No error detected 

O2h Formatter device error 
O3h Sector buffer error 
04h ECC circuitry error 
05h Controller microprocessor error 
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Identify (ECh) 


The Identify command allows the host to receive 
parameter information from the drive. When the 
command is issued, the controller gets the parameters 
from the drive, stores them in the sector buffer, 
sets the DRQ bit in the Status register, and allows 
the host to read the information out of the sector 
buffer. The parameter words in the buffer are 
described in Table 9-5. 


Table 9-5. Identify Command Parameter Words 
Word Contents 


0 General configuration 

l Number of fixed cylinders 

2 Reserved 

3 Number of heads 

4 Number of unformatted bytes per physical 
track 

5 Number of unformatted bytes per sector 

6 Number of physical sectors per track 

] Number of bytes in the inter-sector gaps. 

8 Number of bytes in the sync fields 

G Reserved 

10 Serial number (20 ASCII characters, 0 = not 
speci fied) 

19 Serial number (20 ASCII characters, 0 = not 
speci fied) 


(Continued) 
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Table 9-5. (Continued) 
Word Contents 


20 Controller type 
0000 Not specified 
0001 single ported single sector buffer 
0003 dual ported multiple sector buffer 
with a look-ahead-read 
ALL OTHERS ARE RESERVED 


21 Controller buffer size in 512 byte 
increments (0 = not specified) 

22 Number of ECC bytes passed on read/write 
long commands (0 = not specified) 

23 Controller firmware revision (8 ASCII 


characters, (0 = not specified) 


26 Controller firmware revision (8 ASCII 
characters ( 0 = not specified) 

27 Model number (40 ASCII characters, 0 = not 
speci fied) 

46 Model number (40 ASCII characters, 0 = not 
speci fied) 

47 Reserved 

255 Reserved 


Table 9-6 gives bit definitions of the general 
configuration word. 


Table 9-6. Configuration Word Bits 
Bit Definition 


0 Reserved 
l=Hard sectored 
2 l1=Soft sectored 
3 1=Not MFM encoded 


> 


l=Head switch time greater than 15 
microseconds (us) 


5 1=Spindle motor control option implemented 
6 l=Fixed drive 
7 l=Removable cartridge drive 


8 l=Transfer rate less than or equal to 5 Mb/s 
) l=Transfer rate greater than 5 Mb/s, 
but less than or equal to 10 Mb/s 


10 l=Transfer rate greater than 10 Mb/s 

11 1=Rotational speed tolerance is greater than 
0.5 percent 

12 l=Data strobe offset option implemented 

13 l=Track offset option implemented 


14 l=Format speed tolerance gap required 
jee O=Magnetic disk drive 
_l=Nonmagnetic disk drive : 


~— ee oe - — ee eee 
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Read Buffer (E4h) Write Buffer (E8h) 

The Read Buffer command allows the host to read the The Write Buffer command allows the host to overwrite 
Current contents of the controller s sector buffer. the contents of the controller's sector buffer with 
When this command is issued, the controller goes any data pattern desired. When this command is 

busy, sets up the sector buffer for a read operation, issued, the controller goes busy, sets up the sector 
sets the data request bit (DRQ), and goes not busy. buffer for a write operation, sets the data request 
The host can then read as many as 512 bytes of data. bit (DRQ), and goes busy. The host can then write as 


many as 512 bytes of data. 
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Fixed Disk Drive Controller Error Reporting 


The errors that are valid for each command are defined in the matrix below: 


Command 


Initialize Drive Parameters 
Seek 

Recalibrate 

Read Sectors 

Read Long 

Write Sectors 

Write Long 

Verify Sectors 

Format Track 

Execute Controller Diagnostic 
Identify 

Read Buffer 

Write Buffer 

Invalid Command Code 


O 
> 
C) 
— 
IN 
> 
= 
x 
AJ 
= 
TN 
©) 
OO 


<|! 
<|! 
< 
< 
< 


< 
< 


< 
< 
< 


< 


DOO LOOUROUE 


U8 


| e 


< 


BB = Bad block detected SC = Disk drive seek complete not 


UD = An uncorrectable data error detected 

ID = Requested ID not found CD = A corrected data error 

AC = An aborted command error ER = The error bit in the Status 

TZ = Track O not found error register 

AM = Data Address Mark not found V = Indicates that this error type is 
NR = Disk drive not ready detected valid for this command 

WF = 


Disk drive write fault detected 


9.3 60-MB FIXED DISK DRIVE 
SYSTEM 


The 60-MB fixed disk drive system provides 60-MB of 
data storage on a half-height, fixed disk drive. 
This system: 


= Has the fixed disk drive controller integrated into 
the fixed disk drive assembly 


Allows 4 internal half-height mass storage devices 


Connects to the multipurpose fixed disk controller 
for data and decoded 1I/0-select lines 


Frees an additional expansion slot by eliminating 
the need for a separate fixed disk drive controller 
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Specifications 


Table 9-7 lists the fixed disk drive physical and 
electrical specifications. 


Table 9-7. 60-MB Fixed Disk Drive Physical and 
Electrical Specifications 


Capacity: 
Unformatted 75.4 MB 
Formatted 61.82 MB 
Access time: 
Track-to-track 8 ms 
Average <30 ms 
Maximum 65 ms 
Drive type (used in 
SETUP program) 47 
Data-transfer rate 
(Mb/s) 7.5 


Rotational speed (RPM) 3600 


Number of physical heads 5 
(Continued) 
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Table 9-7. (Continued) Jumper 

Number of logical heads 5 

Physical sectors/track 25 + 1 spare The 60-MB fixed disk drive system should have a 

Logical sectors/track 25 jumper installed at IN:C. 

< Sgr 7 bP NOTE: MS-DOS systems must be version 3.2 or 

ha I 51a: en later for the 60-MB Fixed Disk Drive. 

Write precompensation 

cylinder 128 

Landing zone cylinder 966 Connectors 

$1ze: 
Width 5.8 inch (147 mn} Connector Jl is connected to the multipurpose fixed 
Height 1.7 inch (43 mm) disk drive controller board using a 40-conductor 
Depth 8.8 in. (224 mn) cable. This connection supplies control and data 

Weight 4 1b (1.8 kg) signals to the fixed disk drive system. 

Number of ECC bytes 4 


Connector J2 is connected to the system board (J104) 
with a universal drive power cable. This connection 
supplies power to the fixed disk drive system. 


Table 9-8 describes the signals for connector Jl. 


Table 9-8. Jl, Fixed Disk Drive Interface 
Connector Signal Descriptions 


Signal Pin 1/0 Description 
SLAVE 39 I/0 Signal indicating 
PRESENT- to the first drive that a 


second drive is present. 
CS1FX- 37 I Chip Select 1Fxh. Chip select 
decoded from the address bus 
and gated with AEN to select 
the controller registers at 


addresses 1F0h through 1F/7/h. 


CS3FX- 38 I Chip Select 3Fxh. Chip select 
decoded from the address bus 
and gated with AEN to select 
the controller registers at 
addresses 3F6h and 3F/h. 

DAO 35 I Address lines DA <2..0>. 

DA1 33 I Buffered address lines from the 

DA2 36 I address bus to the fixed disk 
drive controller. 

DALE 28 I Address Latch Enable. Signals 
that address bus signals are 
stable and valid. 

DD7 3 I/0 Data bits DD <7..0>. Least- 

DD6 5 I/0 significant 8 bits of the 16- 

DD5 7 I/O bit data bus for data and 

DD4 g I/O status communication between 

DD3 11 I/0 the controller and the host. 

DD2 13 I/0 DD7 is the most-significant 

DD1 15 1/0 bit of this byte. 

DDO 17 1/0 


Note: Pins 20, 21, 2/7, and 29 are not connected. 


(Continued) 
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Table 9-8. (Continued) 

Signal Pin I/0 Description 

DD8 4 1/0 Data bits DD<15..8>. Most- 

DDS 6 I/0 significant eight bits for data 

DD10 8 I/0 and status communication 

DD11 10 1/0 between the controller and the 

DD12 12 I/0 host. DD15 is the most- 

DD13 14 I/0 significant bit of this byte. 

DD14 16 I/0 

DD15 18 I/0 

DIOW- 23 ! 1/0 write. Active when the 
host writes a control byte or 
data word to the controller. 

DIOR- 25 I I/0 read. Active when the host 
reads a status byte or data 
word from the controller. 

1016CS- 32 Q Chip select used to signal the 
processor that the current I/0 
cycle is a 16-bit, single 
wait-state cycle. 

IRQ14 31 QO Interrupt request 14. Asserted 


by the controller to interrupt 
the processor upon completion 


of a fixed disk operation. 


RST- I I 


PDIAG- 34 


Reset. This signal resets the 
controller to the initial 
power-on condition. 


1/0 Signal from drive D: (if 


installed) to drive C: indicat- 
ing that it has passed the 


diagnostic command. 


SIGNAL 2,19, -- 
GROUND 22,24, 
26,30, 
40 


Return conductors. 


Note: Pins 20, 21, 2/7, and 29 are not connected. 
pn = —eeeeesSeeseseseseseseseseseseseseeEeEeSeEeEeSeEeEeeeeeeeEeeeeeeeEeEeEeEeEeEeSeeSeSseSsSsSsSsSsSseseseseseesese 
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9.4 130-MB FIXED DISK DRIVE 
SYSTEM 


The 130-MB fixed disk drive system provides 130 MB of 
data storage on a full-height, fixed disk drive. 
This system: 


= Uses the COMPAQ buffered ESDI controller ina 
16-bit expansion slot on the system board. (See 
Section 9.6, in this chapter, for information on 
the COMPAQ Buffered ESDI Fixed Disk Drive 
Controller Board. ) 


= Provides a data-transfer rate of 10 Mb/s. 


= Has a 16 Kbyte buffer on the ESDI controller board 
to maximize data throughput across the expansion 
bus. 


Logical Configuration 


Some fixed disk drives contain 17 sectors of data per 
track. The 130-MB fixed disk drive has 35 sectors 
per track. One of these sectors is reserved for 
error management--when a sector is detected as bad, 
the diagnostic software reassigns the reserved sector 
to replace the bad sector. 


Because some operating systems are not adapted to a 
34-sector arrangement, the 130-MB fixed disk drive 
system has a Translate mode to rearrange the logical 
configuration of the drive. In the Translate mode, 
as drive type 25 the drive appears to have 1/7 sectors 
per track instead of 34 and 16 heads instead of 8. 


Normally, the 130-MB fixed disk drive is used as 
drive type 35, which operates in the non-Translate 
mode. Using the drive in this mode may allow 
improved performance in some applications. For DOS 
systems to use drive type 35, the DOS must be Version 
3.2 or later. 
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Specifications Configuring the 130-MB Fixed Disk Drive 
System 
Table 9-9 lists the physical description of the 130- 
MB fixed disk drive. The fixed disk drive should have its drive-select 
jumpers set to DS1. A terminating resistor pack 
Table 9-9. 130-MB Fixed Disk Drive Physical and should be installed on the fixed disk drive. 
Electrical Specifications 
Capacity: 
Unformatted 161.8 MB 
Formatted 134.5 MB 
Access Time: 
Track-to-track 5 ms 
Average <20 ms 
Maximum 50 ms 
> Drive type (used in 
SETUP program) 35 
Data-transfer rate 
(MB/s) 10.0 
Rotational speed (RPM) 3600 


Number of physical heads 8 
Number of logical heads 8 (16) 
Physical sectors/track 34 + 1 spare 


Logical sectors/track 34 (17) 
Number of platters 5 
Number of cylinders 966 
Landing zone cylinder 966 
Write precompensation 

cylinder N/A 
$1ze: 


Width 
Height 


5 
3. 
Depth 8.0 (203 mm) 
8 
/ 
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9.5 300-MB FIXED DISK DRIVE 
SYSTEM 


The 300-MB fixed disk drive system provides 300 MB of 
data storage on a full-height, high capacity, high 
speed fixed disk drive. This system: 


= Uses the same COMPAQ Buffered ESDI Fixed Disk Drive 
Controller Board used on the 130-MB in a 16-bit 
expansion slot on the system board. For 
information on the ESDI Fixed Disk Drive, see 
Section 9.6 in this chapter. 


= Provides a data-transfer rate of 10 Mb/s. 


300-MB Fixed Disk Drive 


The 300-MB fixed disk drive is a high-capacity, high- 
speed, full-height, buffered ESDI-compatible fixed 
disk drive. 


Logical Configuration 


The 300-MB fixed disk drive is logically configured 
as having 63 sections per track and 16 heads. This 
allows the widest variety of operating systems. 


The 300-MB fixed disk drive has 35 physical sectors 
per track. One of these sectors is reserved for 
error management--when a sector is detected as bad, 
the diagnostic software reassigns the reserved sector 
to replace the bad sector. 


NOTE: MS-DOS systems must be Version 3.2 or 
later for the 300-MB fixed disk drive. 


, 


Specifications 


Table 9-10 lists the physical description of the 300- 
MB fixed disk drive. 


Table 9-10. 300-MB Fixed Disk Drive Physical and 
Electrical Specifications 


Capacity: 
Unformatted 361.6 MB 
Formatted 315.3 MB 
Access Time: 
Track-to-track 6 ms 
Average <20 ms 
Maximum 45 ms 
Drive type (used in 
SETUP program) 38 


Data-transfer rate (MbB/s) 10 


Rotational speed (RPM) 3600 
Number of physical heads 15 


Number of logical heads 16 

Physical sectors/track 34 + 1 spare 
Logical sectors/track 63 

Number of platters 8 

Number of physical 

cylinders 1224 


Landing zone cylinder 1224 


Write precompensation 
cylinder N/A 
Number of logical cylinder 611 


$1ze: 


Width 5.8 inch (147 mm} 
Height 3.3 inch (84 mm) 
Depth 8.0 inch (203 mm) 
Weight 8.0 1b 3.6 (kg 
] 
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9.6 COMPAQ BUFFERED ESDI FIXED 
DISK DRIVE CONTROLLER 


The COMPAQ Buffered ESDI fixed disk drive controller 
is compatible with the ESDI standard that specifies 
signal, connectors, and command protocols. 

The controller: 


= Supports 1:1 Interleave with a 16 Kbyte buffer 


= Provides for the control of the 130-MB and 
300-MB fixed disk drives 


= Incorporates a 56-bit error correction code (ECC) 
polynomial for error detection and correction 


= Has on-board diagnostics 


9-30 COMPAQ DESKPRO 386/20 Technical Reference Guide 


Figure 9-2 shows the functional block diagram for the 
ESDI controller. 


Address Bus 


DIOW— 
DIOR — 
IRQ14 


Data Bus (16-bit 


Status, 
Drive State, 
Drive Select, 
Digital Output 
Registers 


ESO! Interface 
Drivers and 
Receivers 


Figure 9-2. The COMPAQ Buffered ESDI Fixed Disk 
Drive Controller Functional Block 
Diagram 


Buffered ESDI Controller Commands 


The buffered ESDI controller is compatible with al] 
software written for ST506-compatible fixed disk 
drive controller. 


The ESDI controller supports all the commands listed 
in Section 9.2, Fixed Disk Drive Programming. The 
step rate codes are ignored on the ESDI controller. 


For the ESDI controller, the Write Precompensation 
Cylinder register (I/O address 1Flh) is reserved. 


Connectors 


Table 9-11 describes the 34-pin control cable 
connector pinouts and signal descriptions. Al] I/0 
designations are with respect to the drive. 


Table 9-11. 34-Pin Control Cable Connector Signal 
Descriptions 
Pin 
(See 
Signal Note) I/0 Description 
HEAD SELECT 2>- 2 1 Lines that allow 
9%. 4 I selecting individual 
20_ 14 I read/write heads ina 
ot. 18 I binary code sequence. 
WRITE GATE- 6 I Allows data to 


be written on the 
disk. 

Drive presents serial 
data on this line upon 
request from the 
controller. 

Line from the drive 
indicating that a 
transfer request has 
been acknowledged and 
valid data 
transferred. All 
transfers handshake 
with TRANSFER REQ- and 
TRANSFER ACK-. 


Note: All odd numbered pins are ground. 


CONFIG/STATUS DATA- 8 0 


TRANSFER ACK- 10 Q 


(Continued) 
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Table 9-11. (Continued) 
Pin 
(See 

Signal Note) 

ATTENTION- 12 


I/O Description 


0 


Signal from the drive 
indicating the drive 
wants the controller 


to request its status. 


SECTOR- 16 
INDEX- 20 
READY - 22 


Indicates the beginning 
of a sector. 

Indicates the beginning 
of a track. 

Signal indicates only 
that the spindle is up 


to speed. 


TRANSFER REQ- 24 


DRIVE SELECT 1- 26 
DRIVE SELECT 2- 28 


READ GATE- 32 
COMMAND DATA 34 
RESERVED 30 
Note: 


I 


Line from the 
controller requesting 
that one bit of data 
be sent between the 
drive and the 
controller. All 
transfers handshake 
with TRANSFER REQ- and 
TRANSFER ACK-. 

These bits provide 

the binary-coded drive 
select address. 

Signal allows data to 
be read from the disk. 
When a command is 
issued, 16 information 
bits of serial data, 
plus parity, are sent 
to the drive on this 
line. 


All_odd numbered pins are ground. 
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Figure 9-3 shows Jl, drive the control cable 


connector. 


Signal 
GROUND 
GROUND 
GROUND 
GROUND 
GROUND 
GROUND 
GROUND 
Key 
GROUND 
GROUND 
GROUND 
GROUND 
GROUND 
GROUND 
GROUND 
GROUND 
GROUND 


Figure 9-3. 


Signal 


HEAD SELECT 2° — 
HEAD SELECT 22 — 
WRITE GATE— 
CONFIG/STATUS DATA-— 
TRANSFER ACK— 
ATTENTION— 

HEAD SELECT 22 — 
SECTOR-— 

HEAD SELECT 2! — 
INDEX— 

READY— 

TRANSFER REQ— 
DRIVE SELECT 1— 
DRIVE SELECT 2- 
Reserved 

READ GATE— 
COMMAND DATA— 


Jl, Drive Control Cable Connector 


Table 9-12 describes the 20-pin data cable connector 
pinouts and signal descriptions. All I/0 
designations are with respect to the drive. 


Table 9-12. 20-Pin Data Cable Connector Description 


Signal 
DRIVE SELECTED- 


SECTOR- 


COMMAND COMPLETE- 


Pin 


1 


3 


ADDRESS MARK ENABLE- 4 


+READ/REFERENCE 
CLOCK 


-READ/REFERENCE 
CLOCK 

+NRZ WRITE DATA 

-NRZ WRITE DATA 


10 


11 


13 
14 


I/O Description 


A status line provided 
to inform the 
controller system of 
the selection status of 
the drive. 

Indicates the beginning 
of a sector. 

A status line that 
indicates command 
completion to 

the controller. 

The trailing edge of 
this signal with the 
WRITE GATE- asserted 
initiates writing the 
sync field on the 
drive. 

Differential clock 
signal used for reading 
data bits from the 
drive. 


A differential pair 
that defines the data 
to be written on the 
track. 


(Continued) 
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Table 9-12. (Continued) Figure 9-4 shows the pinout of J2, the data cable 
Signal Pin 1/0 Description connector. 
+NRZ READ DATA 17 O Data recovered by | 
-NRZ READ DATA 18 QO reading previously eee oe 
itten information is aan ae 
yan DRIVE SELECTED— SECTOR-— 
transmitted to the COMMAND COMPLETE ADDRESS MARK ENABLE-— 
controller via this SIGNAL GROUND SIGNAL GROUND 
: ; +WRITE CLOCK —WRITE CLOCK 
differential ets SIGNAL GROUND +READ /REFERENCE CLOCK 
+WRITE CLOCK 7 I A differential pair of —READ /REFERENCE CLOCK SIGNAL GROUND 
-WRITE CLOCK 8 I clocks used for writing aor ea a ae 
atta Hits to the drive. +NRZ READ DATA —NRZ READ DATA 
INDEX 20 QO Indicates the beginning SIGNAL GROUND INDEX— 
of a track. 


) GROUND 5, 6, Signal returns. Figure 9-4. J2, Data Cable Connector 
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Jumpers The controller jumpers are shown in Figure 9-5. 


This list defines the jumper settings for the COMPAQ 
Buffered ESDI Fixed Disk Drive Controller. For the 
descriptions below, the phrase ‘Jumper in place- 
means that the shorting jumper is placed between the 
two pins designated. ‘Jumper missing. means that the 
shorting jumper not placed between the two pins 
designated. 


: 


= 
ia 
2 
pad 
ad 
cam 


Table 9-13 describes the COMPAQ Buffered ESDI Fixed 
Disk Drive Controller Board jumpers. 


Table 9-13. ESDI Fixed Disk Drive Controller Jumpers 


Jumper Function 


W8 Controls drive Jumper in place: drive is 
select operation deselected at command 
at the completion completion. Jumper 
of commands. missing: drive is 
selected at all times 
Default position: jumper 


Figure 9-5. ESDI Fixed Disk Drive Controller Board 
Jumpers 


in place. 
W12 Controller base Jumper in place: secondary 
address select address (17x). Jumper 
jumper. missing: primary address 


(1Fx). Default position: 
jumper missing. 
Note: These are the only jumpers to be installed. 


Schematics 


Figure 9-6 shows the schematics for the COMPAQ 
Buffered ESDI Fixed Disk Drive Controller Board. 


NOTE: Compaq Computer Corporation does not 
guarantee the accuracy of the schematics. 
They are provided as an aid to a general 
understanding of the operation of the COMPAQ 
Buffered ESDI Controller. 
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Figure 9-6. COMPAQ Buffered ESDI Fixed Disk Drive Controller Board Schematics (page 7 of 7) 
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Chapter 10 10-1 
FIXED DISK DRIVE BACKUP SYSTEMS 


10.1 INTRODUCTION 10.2 40-MB FIXED DISK DRIVE 
BACKUP SYSTEM (TAPE 

The COMPAQ DESKPRO 386/20'™ Personal Computer offers BACKUP) 

a choice of two fixed disk drive backup (tape backup) 

systems, a 40-MB tape backup system and a 135-MB tape 


The 40-MB tape backup system consists of a 
backup system. 


microprocessor, firmware, stepper motor, drive motor, 


read/write head, and a control logic board. 
The 40-MB tape backup system uses a 3M DC 2000 tape 


cartridge or equivalent and the COMPAQ TAPE Utility The logic board uses a Z8 microprocessor with 8 KB 


Version 2.0 (or later) to provide a data backup for of ROM to control the drive. The logic board 
fixed disk drives. The 40-MB tape backup stores a 


maximum of 40 MB on a single tape cartridge. 
=" Movable head, which reads and writes data 
) The 135-MB tape backup system uses a 3M DC 600XTD 
tape cartridge or equivalent and the SY-TOS (Tape 
Operating System) to provide data backup for the =» Write-protect sensor 
fixed disk drives. The 135-MB tape backup stores a 
maximum of 135 MB on a single tape cartridge. 


connects to the: 
# Cartridge-installed sensor 


=" Beginning-of-tape/End-of-tape (BOT/EOT) sensor 


= Stepper motor, which positions the head 
The 135-MB tape backup.system interfaces the system 


unit via the COMPAQ Tape Host Adapter. = DC power supply 

=" Drive motor, which advances and rewinds the tape 
This chapter first discusses the 40-MB tape backu 
system, then the 135-MB tape backup. 
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Figure 10-1 shows the 40-MB tape backup system. 


Figure 10-2 is a functional block diagram of the 
40-MB tape backup. 


Figure 10-1. 40-MB Tape Backup System 
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Figure 10-2. 40-MB Tape Backup Functional Block Diagram 
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40-MB Tape Backup Specifications Table 10-1. (Continued) 
Track density 83 TPI 
Table 10-1 lists the 40-MB tape backup Number of tracks 20 
specifications. Blocks/track 124 
Sectors/block 16 Data + 2 ECC 
Table 10-1. 40-MB Tape Backup Physical Bytes/sector 1024 
and Electrical Specifications Note: DC 1000 cartridges backed up on the 10-MB 

Size: Tape Backup Systems (supported on 

Width 5.7 inch (145 mn) other COMPAQ products) can be read and 

Height 1.7 inch (43 mm) erased--but not written to--by the 40-MB 
_Depth 8 inch (203 mm) Tape Backup Systems. 
Weight 1.7 1b (0.77 kg) —————————————————— 
Formatted capacity 40.63 MB ( 
(with ECC) 
Flux reversal density 10000 FRPI 
Bit density 10000 BPI 
Data-transfer rate 500 kb/s 
Head positioning time: 

Adjacent tracks 250 ms 

Move (worst case} 1 second 
Tape speed: 

Read/write 50 inch/second 

Rewind/fast forward 70 inch/second 
Tape end-to-end 
positioning time: DC 1000 (See Note) DC 2000 

Read/write 44 seconds 49 seconds 

Forward/reverse 31 seconds 35 seconds 

(Continued) 


40-MB Tape Backup Commands 


All tape backup operations are one of five 
fundamental processes: 


1. Servo Write, which initializes the tape media by 
writing indexing information. 

2. Tape Format, which writes block, sector, and track 
information onto the tape. This information joins 
the indexing information previously written by 
Servo Write. This process prepares data areas 
consistent with the diskette controller chip (DCC) 
data format. 

3. Write Data, which writes information in the same 
layout as standard diskette tracks. 

4. Read Data, which reads information in the same 
layout as diskette tracks. 

5. Erase, which erases all information on tape 
(including servo and data). 


The Servo Write operation is initiated by executing 
an Enter Format Mode command followed by the Servo 
Write command. This action moves the tape to the 
beginning at Block O and Head 0 and then writes 
encoding index pulses on the tape in a streaming- 
write mode. These pulses are used solely by the tape 
backup and are not available to the programmer. 


NOTE: If the Servo Write operation is 
interrupted, the tape cartridge must be fully 
erased before it can be used again. 
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The format operation for tape is similar to the 
format process for diskette drives. To format the 
tape, the multipurpose fixed disk drive controller 
(MFDDC) board takes control of the interface and 


supplies the track and sector data for every block on 


the track. The data format on the tape has the 
characteristics of a diskette. 


The tape backup accepts commands from the MFDDC board 
as pulses on the step line. The number of pulses 
determines the desired command. Any number of pulses 
not recognized as commands are ignored. The tape 
drive does not recognize the step pulses unless the 
DCC is programmed for a 3- or 6-millisecond (ms) gap 
between pulses. Table 10-2 lists the 40-MB tape 
backup commands. 
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Table 10-2. 40-MB Tape Backup Command Summar 


Step 
Pulses Command Action 
2 Stop Motion Stops tape - deactivates BUSY- signal 
3 Pause Moves tape back two blocks - stops tape 
4 Seek Load Point Rewinds tape at 50 IPS and goes to track 0 
5 Move Tape Forward Moves tape forward at 70 IPS (fast forward) 
6 Move Tape Back Moves tape backward at 70 IPS (rewind) 
] Report Normal Completion Latches BUSY- line if latest command has successfully completed 
8 Report Drive Present Latches BUSY- line if selected 
9 Report End Latches BUSY- line if at end of tape 
10 Report Begin Latches BUSY- line if at tape beginninc 
11 Report Cart Latches BUSY- line if cartridge is present 
12 Report Track Found Latches BUSY- line if track seek has completed ( 
13 Report New Cartridge Latches BUSY- line if cartridge has been replaced | 
14 Move Tape Against Data Moves tape at 50 IPS (or 39 IPS if in low-density mode) toward file beginning 
15 Move Tape With Data Moves tape at 50 IPS (or 39 IPS if in low-density mode) toward file end 
16 Enter Format Mode Produces index pulses at end and beginning of data area to allow formatting by 
the DCC. The drive must be in the Format mode to enable subsequent 
execution of the Servo Write command. 
17 Enter Normal Mode Produces index pulses at beginning of data area 
18 Report Expanded Latches the BUSY- line if it supports the Expanded command set (commands 19, 
Instruction Set 28, and 29) 
19 Report Drive/Cartridge Pulses the BUSY- line. The controller responds with ‘n_ step pulses to inquire 
Type about a specific status condition 
20 Seek Track 0 Initiates tape motion and seeks track 0 
21 Seek Track 1 Initiates tape motion and seeks track 1 
22 Seek Track 2 Initiates tape motion and seeks track 2 
23 Seek Track 3 Initiates tape motion and seeks track 3 
24 Seek Track 4 Initiates tape motion and seeks track 4 
25 Seek Track 5 Initiates tape motion and seeks track 5 
26 Seek Track 6 Initiates tape motion and seeks track 6 
2] Seek Track 7 Initiates tape motion and seeks track 7 


(Continued) ( 
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Table 10-2. (Continued) 


Step 

Pulses Command Action 

28 Seek Track "N" Pulses BUSY- line. The controller responds with "N' + 4 step pulses 

29 Erase Tape Erases entire tape. 

31 Servo Write Writes servo pattern on blank cartridge. The drive must be in Format mode. 
32 Recalibrate Sends simulated “at Track 0° status to MFDDC board for diskette drive 


_ compatibility. — 


Command 19 causes the drive to pulse the BUSY- line. The controller responds with 'N’ pulses to inquire for a 
specific status condition. Table 10-3 gives the pulses used for the various status conditions. 


) Table 10-3. BUSY- Line Pulses for Status 
“N" Step Status Drive BUSY- Status 
Pulses Condition Response | 
4 Cartridge type Low DC 2000 cartridge in drive 
High DC 1000 cartridge in drive 
5 servo density Low High-density, servo written, transfer rate at 
500 kilobits per second (kb/s), R/W speed at 
50 IPS 
High Low-density, servo written or blank cartridge 
transfer rate at 500 kb/s, R/W speed at 
39 IPS 
6 Drive type Low 40-MB drive 
High 10-MB drive 


ee ee ane we ener ee ee eae ee ee ee eee me me ee ne a ee ee ee ee le i me a ae ee - Le ee ce ne a ee ne ce ee ee ee 
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40-MB Tape Backup Formatting Table 10-4. Tape Data Format 
Nominal Number of 

The COMPAQ TAPE Utility Version 2 formats a tape by Value (Hex) Bytes 
commanding the tape drive to perform a Servo Write (Index pulse) 
process. The Servo Write process divides the tape A S| ne. 
into sections called servo blocks. Sh i ponte 00 12 
The TAPE Utility then writes formatting data into the dex Address Hark _FE (Note 1) 4 _____ 
servo blocks. Each of the 20 tape tracks is OP 
formatted by the DCC diskette drive controller to Pre-ID AM Sync 00 (Note 2) 12 
yield eighteen 1024-byte sectors per block. The data ID Address Mark FE (Note 3) 4 
are written in double-density or modified frequency Sector ID xx (Note 4) 4 
modulation (MFM) with the same layout as a standard Sector ID CRC xx y 
diskette track. Table 10-4 gives the data format for ‘Gap 2. ( wst~‘i‘ ( 
the tape. Pre-Data AM Sync 00 12 

Data Address Mark FB (Note 3) 4 

Data CRC XxX 2 

Gap 3 4E 54 


Gap 4 4E (until second 
Index pulse) 
Notes: 1. First 3 bytes are C2h with missing clock 
transition between bits <3> and <4>. 
2. The boxed field is written once for each 
sector in the block with appropriate sector 
ID values for each sector written. 
3. First 3 bytes are Alh with missing clock 
transition between bits <4> and <5>. 


4. xx = Data dependent . 


The Gap 3 value (54 bytes) shows the gap size when 
the tape is formatted. The Gap 3 size specified in 
the read/write commands is smaller (23 bytes). The 
size of Gap 4 depends on the tape speed. The DCC 
keeps writing until the second index pulse occurs. 


The boxed field is written once for each sector in 
the block, with appropriate sector ID values for each 
sector written. The sector ID consists of four 
l-byte fields that are used to identify each sector 
(using diskette mnemonics): 


Cylinder = 0..123 Tape block number 


Head = 0 (Not used) 
sector =1..18 Sector number (within tape block) 
Size = 3 Sector size (3 denotes 1024 bytes) 
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40-MB Tape Backup File Storage 


The COMPAQ TAPE Utility places two types of 
descriptive information--called the tape header (HDR) 
and the file allocation table (FAT)--at the beginning 
of the tape (Track 0, Block 0). The HDR is written 
to the tape first, followed by the FAT. 


When a set of files is written to the tape, the HDR 
and the FAT are modified to reflect the new tape 
status. A Save Set Description is written to the 
beginning of each set of files (for sequential 
backups). A redundant copy of the HDR and FAT is 
stored in Track 0, Block 1. If the first block 
becomes unreadable, the information in the second 
block is used to retrieve the data on the tape. All 
remaining blocks contain directory and file 
information. 
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The COMPAQ TAPE Utility generates an error correction 
code (ECC) that is stored in the last two sectors of 
each block, which is shown in Figure 10-3. 


Sector 
Block 1 2 5 


ae (eres rarrrerery F2-7) -) 


Figure 10-3. 40-MB Tape Backup Track 0 Data Format 


The following paragraphs describe the organization of 
data on a tape used with 40-MB tape backup. 


40-MB Tape Backup Header 


The HDR occupies the first 1024-byte sector on the 
tape which is shown in Figure 10-4. The tape header 
is divided into three parts: the Tape Identification 
(TID) area, the Save Set structures, and a reserved 
area. 


1024 Bytes 


64 Bytes 768 Bytes 192 Bytes 


TID Save Set Description 


Figure 10-4. 40-MB Tape Backup Header 


40-MB Tape Backup Identification Area 


Table 10-5 lists the contents of the Tape 
Identification area. Table 10-6 further explains the 
contents of the Tape Identification area. 


Table 10-5. 40-MB Tape Backup Identification Area 
Function Bytes 
Reserved (must be zero) 2 
Volume name 32 
Create (format) time 

Create (format) date 

Tracks per tape 

Blocks per track 

Sectors per block 

Bytes per sector 


2 
2 
2 
2 
2 
2 
Tape number 2 
More flag (for multiple-tape backup) 2 
Backup time 2 
Backup date 2 
Program version (in BCD) 2 
Format type 2 

6 


Reserved 
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Table 10-6. 40-MB Tape Backup Identification Area Parameters 
Parameter Description . 


Volume name 
Date/time the tape was initialized 


Number of tracks per tape 


Number of intra-servo blocks per 
tape track 


Number of sectors per block 
Number of bytes per sector 
Tape number 


More flag 


Date/time 


Tape Utility Version (in BCD) 
Format Descriptor 


Up to 31 characters in length, padded with zeros to 32 bytes, resulting in 

a ‘standard’ null-terminated string. 

Set only when the tape is formatted (by TAPE FORMAT or TAPE BACKUP), and is 
not updated by a normal BACKUP operation (See Figure 10-6). 


20 for 40-MB tape backup, numbered 0..19 
124 for 40-MB tape backup, numbered 0..123 


18 for 40-MB tape backup, numbered 1..18 

1024 

The number of this tape in a multi-tape backup set. For a single-tape 
backup, this entry is l. 

This word is set to 1 to indicate that there are additional tapes in the 
backup set, or 0 to indicate that this is the last tape in the set. For a 
single tape backup, this entry is 0. 

The date/time is written by BACKUP when the tape was backed up and updated 
(See Figure 10-5). 

The version of the COMPAQ TAPE Utility that wrote the tape. 


The low byte of this word appears at offset +56 in the first sector of the 
tape. The format descriptor is used by the software to determine the tape 
format by recognizing the following codes: 

- Tape is unused 

- Reserved 

- Reserved 

- Tape used by COMPAQ TAPE Utility prior to Version 1.10 

- Tape used by COMPAQ TAPE Utility Version 1.10 and later 


mam W POF © 
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Figure 10-5 shows the format of the time and date 40-MB Save Set Descriptions 
parameters of the 40-MB Tape Backup Identification 
area. The COMPAQ TAPE Utility supports multiple backups per 
tape. Each time a set of files is backed up on the 
BITS tape, a Save Set description containing 24 bytes is 
written to the Tape Header. As many as 32 Save Set 
15..11 10..5 4..0 descriptions can be stored in the 768-byte Save Set 


; description area of the Tape Header. fable 10-7 
ae Semen | ey | ees Fe lists at 24-byte Save is eaiaiaebiats 


Table 10-7. Save Set Description 


BITS 1 a rs 
» Backup time 2 
15..9 omnes 4..0 Backup date 2 


Year—1980 (@—119)| Month (1-12) | Day (1-31) 3 (ce ee 
Save Set label l 


Start block 
Source drive 
Reserved byte 

Reserved word 


Figure 10-5. Time and Date Format for the 40-MB Tape 
Backup 


OS eS Ss ol 
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Table 10-8 further explains the contents of the Save 
set description. 


Table 10-8. Save Set Description Parameters 

Parameter Name Description 

Backup time Date/time the Save Set was backed up. 
This entry in the last non-blank Save 
Set matches the backup time and data 
located in the TID area. 

Tape Utility The version of the COMPAQ TAPE 

Version Utility that wrote the tape (in BCD). 

Starting block Tape block number where Save Set 


of Save Set begins. 
Backup source’ Fixed disk or diskette drive from 


drive which the Save Set was backed up. 
Save Set Save Set label, up to 11 characters 
label in length, padded with zeros to 12 


bytes, resulting in a standard null- 
terminated string. 


40-MB File Allocation Table 


The file allocation table (FAT) controls the 
assignment of sectors on the tape. For every sector 
on the tape, except for sectors containing ECC 
information, 2 bits are maintained in the FAT that 
describe the current state of that sector, as given 
in the following tabulation. 


FAT 

Entry Sector Status 

0 0 Not allocated 

01 Start of a file (header) 
1 0 Allocated 

1 1 Bad Sector 


Each FAT byte contains four 2-bit fields, with the 
least-significant bits describing the first sector. 


The FAT has allocation entries for the entire tape, 
including the tape HDR and FAT sectors. The entries 
for these sectors are allocated . 


Not all 15 available sectors are used for the FAT 
(not all are necessary). The size (in bytes) of the 
FAT for a tape can be determined by the following 
equation: 


FAT Size = (Tracks x blocks per track x 
sectors per block)/4 


For a 40-MB tape backup, the FAT table is: 


(20 tracks x 124 blocks per track x 
16 sectors per block)/4 = 39680/4 or 
9920 bytes/FAT 


Example: A 40-MB tape backup with no bad blocks 
contains two files, one which occupies 1 
sector, and one which occupies 3 sectors. 
The first 10 bytes of the FAT would appear 
as follows: 


FAT entries for first block on tape: 

10101010) 10101010) 10101010; 10101010 
AA AA AA AA 

FAT entries for second block on tape: 


10101010 10101010 
AA AA 


10101010 
AA 


10101010 
AA 


FAT entries for files: 


10100101 
A5 


00000000 
00 
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40-MB Directory Information 


All blocks after 0 and 1 on Track 0 contain directory 
and file information. If the backup spanned multiple 
directories, the first sector(s) of the Save Set 
contain directory information. This information 
tells the COMPAQ TAPE Utility which directories to 
create on the destination disk during the Tape 
Restore process. These sectors are marked as 
allocated in the FAT. 


Table 10-9 lists the format of the directory 
information. 


Table 10-9. Directory Information 


Function Bytes 
Directory name 1 18 
Last entry flag 2 
Reserved for future use 2 
Directory name x 78 
Last entry flag 2 
Reserved for future use 2 
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Table 10-10 lists the directory information Only the pathnames of the lowest-level subdirectories 
parameters are saved. All intermediate subdirectories can be 
recreated from these. 


Table 10-10. Directory Information Parameters 


Parameter Description Example: The following directory names are generated 
Directory name Directory pathname, padded with for the directory shown in Figure 10-6: 


zeros to 78 bytes, resulting in a 


—__Standard null-terminated string. _— 
Last entry flag This word has a value of 1. It \TOOLS \EDITOR 
marks the end of the directory \MISC\REPORTS\TEMP 
name list \MISC\MEMOS 
\MISC\EXPENSE 
DOS 
ROOT TOOLS == EDITOR 
REPORTS == TEMP 
MISC MEMOS 


EXPENSE 


Figure 10-6. Sample Directory 


40-MB Tape Backup File Information 


Following the directory information are the sectors 
containing the file information. 


The first sector of each file contains a header, 
which contains various information about the file. 


Table 10-11 describes the file information. 


Table 10-11. File Information 


Function Bytes 
Header Signature (AAh, 55h) 2 
Filename 108 


File Attribute 2 
Original File Time 2 
Original File Date 2 
File Size (in bytes) 4 
Backup Time 2 
Backup Date 2 
Aux File Attribute 1 2 
Aux File Attribute 2 2 


Fixed Disk Drive 


Backup System 
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The tape file information parameters are given in Table 10-12. 


Table 10-12. Tape File Information Parameters 


Parameter 
Header Signature 


Filename 


File Attribute 


Original Date/time 


File Size 


Backup Time and Date 


Aux File Attribute 1 


Description 

The 2-byte header signature is AAh, 55h. This signature is used to identify the 

header or separate it from the rest of the tape information. 

The filename may be up to 107 characters in length, padded with zeros to 108 

bytes, resulting in a standard null-terminated string. No structure is imposed on 

the filename other than maximum length, but the COMPAQ TAPE Utility 

expects a DOS-style pathname (without a drive letter). 

This word value is used by the COMPAQ TAPE Utility to retain the original 

attributes of the file as specified by the operating system. For MS-DOS, only the 

low-order byte is used. 

Original date/time of the file. The format of the date and time values is shown in 

Figure 10-5. 

32-bit file size (in bytes). 

The date and time the file was backed up. This value is the same as the 

corresponding value in the headers of all the other files that were part of the 

same backup (see Figure 10-5). 

Not used in COMPAQ TAPE Utility prior to version 1.10. In version 1.10 and later: 
Bit <0>, if set (=1), means that this file is continued on the next tape. In 
this case, the file size indicates only the portion of the file that is on this 
tape. 

Bit <1>, if set (=1), means that this file is continued from the previous tape. 
In this case, the file size indicates only the portion of the file that is on 
this tape. Bit <1>, set (=1) with bit <0> reset (=0), indicates the last 


portion of the file. 


Aux File Attribute 2 


Reserved, must be O. 


40-MB Tape Backup Connectors 


The 40-MB tape backup uses the same cable, 
connectors, and pin arrangements as the diskette 
drives for the connections to the MFDDC board and the 
DC power supply. 


The signal functions are different, however, and 
special software drivers are used to control the 
40-MB tape backup. Table 10-13 describes the signal 
functions. 
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Table 10-13. Drive Logic Board to Drive Controller 
Signal Descriptions 

Signal Pin # Function 

DRIVE 4 (TAPE Drive select 4 is used to 


SELECT- select 40-MB tape backup 
INDEX- Indicates to the MFDDC board 


that one block has passed 
READ DATA- The data stream of data and 
clock pulses from the 40-MB 


fixed disk drive backup 


STEP- Pulses give commands to 
the fixed disk drive backup 
BUSY- Indicates to the MFDDC board 


that the tape backup is 
still executing a command 


WRITE DATA- This stream of data is 
written to the tape when 
WRITE GATE- is enabled 

WRITE GATE- Enables the drive-logic 


disk-write circuits so data 
from the WRITE DATA- signal 
are written 

Indicates to the MFDDC board 
that the cartridge in the 
drive is write-protected 


WRITE PROTECT- 
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Figures 10-7 and 10-8, respectively, show the 40-MB 
tape backup control and power connectors. 


Signal Pin Pin Signal 
1 2 NOT USED 
5 4 NOT USED 
.) 6 NOT USED 
7 8 INDEX— 
9 10 NOT USED 
11 12 NOT USED 
13 14 NOT USED 
15 16 NOT USED 
GROUND 17 18 NOT USED 
19 20 STEP- 
21 22 WRITE DATA-— 


235 24 WRITE GATE- 
25 26 BUSY- 


27 28 WRITE PROTECT— Pin Signal 

29 30 READ DATA— 1 |foO)| +12VDC 

31 32 NOT USED 2 ||O}| GROUND (+12VDC RETURN) 

33 34 NOT USED 3 |fO]]| GROUND (+5VDC RETURN) 
4 |!O}| +5VvDC 


Card Edge Connector 


Figure 10-7. 40-MB Tape Backup Control Connector Figure 10-8. 40-MB Tape Backup Power Connector 


10.3 135-MB TAPE BACKUP SYSTEM 


This section provides a detailed discussion of the 
135-MB tape backup. 


It also provides information about the SY-TOS as wel] 
as the COMPAQ Tape Host Adapter. 


The 135-MB tape backup includes the following 
features: 


= No preformatting required 

= Direct read after write 

= Data verification 

= Erase Bar 

™ Read QIC24 and QIC120 formatted cartridges 
Figure 10-9 shows the 135-MB tape backup system. 


Figure 10-10 shows a functional block diagram of the 
135-MB tape backup. 
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Figure 10-9. 


135-MB Tape Backup 
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Figure 10-10. 135-MB Tape Backup Functional Block 
Diagram 


135-MB Tape Backup Specifications 


Table 10-14 lists the 135-MB tape backup 
specifications. 


Table 10-14. 135-MB Tape Backup Physical 
and Electrical Specifications 


$1ze: 
Width 5.8 inch (147 mn) 
Height 1.7 inch (43 mm) 
Depth 8.3 inch (211 mm) 
Weight 2.4 1b (1.1 kg) 
Formatted capacity 135 MB 
(with ECC) 
Flux reversal density 12500 FRPI 
Bit density 10000 BPI 
Data-transfer rate 720 Kb/s 
Tape speed: 
Read/write 72 in./second 


Rewind/fast forward 90 in./second 


Tape end-to-end 


positioning time: DC 600XTD 
Read/write 100 seconds 
Forward/reverse 80 seconds 
Track density 76 TPI 
Number of tracks 18 
Blocks/track 16,900 
Bytes/block 512 


135-MB Tape Backup Connector 


The 135-MB tape backup interfaces the COMPAQ Tape 


Host Adapter via a 50-pin interface signal connector. 


Table 10-15 shows the signal functions of this 
connector. 
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Table 10-15. Tape Backup Logic Board to Tape Host 
signal Descriptions 


Pin 


Number Signal Function 


02-10 Reserved. 

12 DDATA/- Tape Host Adapter Bus Bit 7, MSB 
14 DDATA6- Tape Host Adapter Bus Bit 6 

16 DDATA5- Tape Host Adapter Bus Bit 5 

18 DDATA4- Tape Host Adapter Bus Bit 4 

20 DDATA3- Tape Host Adapter Bus Bit 3 

22 DDATA2- Tape Host Adapter Bus Bit 2 

24 DDATA1- Tape Host Adapter Bus Bit 1 

26 DDATAO- Tape Host Adapter Bus Bit 0, LSB 
28 ONL- Online 

30 REQ- Request 

32 RST- Reset Controller 

34 XFER- Transfer 

36 ACK- Acknow] edge 

38 RDY - Ready 

40 EXC- Exception 

42 DIRTOHOST- Direction to Host 

Note: See Table 10-18 for signal descriptions 
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Figures 10-11 and 10-12, respectively, show the Pin Signal 
135-MB tape backup control and power connectors. +12VDC 
GROUND (+12VDC RETURN) 


GROUND (+5VDC RETURN) 
+5VDC 


Signal Signal 


PWN 
OOOO 


Reserved 
Reserved 
Reserved Figure 10-12. 135-MB Tape Backup Power 
Reserved Connector 

Reserved 

DDATA/-— 

DDATA6— 

DDATAS— 

DDATA4— 

DDATAS— 

DDATA2— 

DDATA1I— 

DDATAOQ— 

ODL- 

REQ— 

RS T— 

XFER— 

ACK— 

RDY— 

EXC— 

DIRTOHOS T— 

Reserved 

Reserved 

Reserved 

Reserved 


Ground 


Figure 10-11. 135-MB Tape Backup Control Connector 
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135-MB Tape Backup Commands 


Because the 135-MB tape backup uses the SY-TOS Tape Operating System for typical tape drive functions, this section 
only lists and briefly describes the 135-MB commands (Table 10-16). 


Table 10-16. 135-MB Tape Backup Command Summar 


Command 

Select QIC-24 
Select QIC-120 
Select QIC-150 
Write Data 
Write without 
Underruns 

Write File Mark 


Write File 
Mark/Write 


Write File Mark/Write 
without Underruns 


Read Data 
Read Continuous 


Read Block (n) 
Space Forward 


Space Reverse 


Command Code 


27h 
28h 
29h 
40h 
4lh 


60h 
62h 


63h 


80h 
82h 


8Ah 


81h 


89h 


Search to End of Recorded A3h 


Media 


Action 
Instructs the tape drive to read a 9-track QIC-24 format tape. 
Instructs the tape drive to write in the 15-track QIC-120 format. 
Instructs the tape drive to write in the 18-track QIC-150 format. 
Causes data to be written on the tape. 


Instructs the tape drive to perform all functions of a WRITE command. 
Causes continuous tape movement. 


Causes a FILE MARK to be written on the tape. 


Instructs the tape drive to combine the Write File command with a Write command 
to achieve streaming tape operation when writing file marks. Stops if underrun 
occurs. 


Instructs the tape drive to combine the Write File Mark and a Write command to a 
achieve streaming tape operation whe writing file marks. Does not stop if 
underrunn occurs. 


Causes data to be read from the tape to the tape drive. 


Instructs tape drive to begin or continue a read operation, without stopping at 
File Marks. 


Allows the host to read to read any given block by addressing the block via its 
block number (n). 


Instructs the tape drive to logically move the tape forward over the subsequent 
data block or file mark. 


Instructs the device to logically move the tape in a reverse direction over the 
previous data block or file mark. 


Instructs the device to search for the end of the recorded media. 


(Continued) 
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Table 10-16. (Continued) 
Command Command Code 
Read File Mark AOh 
Read File Marks 

Read Status Command COh 
Erase Tape 22h 
Rewind to BOT C2h 
Initialization 

(Retension) 24h 
Rewind to BOT C2h 
Rewind to BOT C2h 
Run Self-Test C2h 
Run Self-Test 2 CAh 
Run Self-Test 3 CBh 
Read Firmware 

Identification CFh 
Select Drive Olh 


Bih. .BFh 
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Action 
Causes the tape in the tape drive to move to the EOM side of the next file 
mark. 


Identical in function to Read File Mark command except that the number of file 
marks read are equal to the binary value of nnnn. For example, 1011 0001 
causes one file mark to be read and 1011 0010 causes to files marks to be read. 
In the case where nnnn is zero (0011 0000), the tape drive returns a illegal 
command status. 


Causes the tape drive to transfer to the host information about itself. 
Completely erases the tape in the tape drive. 
Positions the tape in its tape drive. 


Conditions the tape as per specifications of media manufacturer. 
Positions the tape in its tape drive. 

Positions the tape in its tape drive. 

Instructs the tape drive to perform self-test operations. 

Instructs the tape drive to perform unique self-test operations. 
Instructs the tape drive to perform self-test operations. 

Instructs the tape drive to transfer to the host adapter six-bytes of 
identification data. 

Selects the tape drive for on-line operation. 


SY-TOS Tape Operating System 


The 135-MB tape backup uses the SY-TOS Tape Operating 
System for all tape backup functions. 


For detailed information on the SY-TOS Tape Operating 
System, refer to the SY-TOS User's Guide provided 
with the 135-MB tape backup. 
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COMPAQ Tape Host Adapter 


The COMPAQ Tape Host Adapter provides the interface 
for the 135-MB tape backup to the DESKPRO 386/20. 
The tape host adapter: 


= Interfaces the 135-MB tape backup to the 
DESKPRO 386/20 


= Plugs directly into the 8-bit expansion slot (J108) 


= Provides an 8-position switch for setting 
options and configuration settings. 


Figure 10-13 shows the COMPAQ Tape Host Adapter. 
Figure 10-14 shows the COMPAQ Tape Host Adapter 
functional block diagram. 
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Address Bus 


J8B01, Control Connector Address Bus 
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Figure 10-13. COMPAQ Tape Host Adapter 
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Tape Host Adapter I/O Port Description Data Register (Read/Write) (301/201) 

The tape host adapter interface is configured as two The data register is the port through which al] 

I/O addresses, beginning at one of two possible command, status, and data bytes are transferred 

selectable base addresses. Table 10-17 defines the between the DESKPRO 386/20 and the tape host adapter. 

port addresses and their functions. Command and status bytes are transferred by 
programmed I/0. Data bytes are transferred using DMA 

A more detailed description of the I/O port addresses operations. 


follows Table 10-17. 


Table 10-17. COMPAQ Tape Host Adapter I/O Port 
Description 


D Address (Hex) Read Write 

| Primary/Secondary Function Function 
300/200 Status register Control register 
301/201 Data register Data register 
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Status Register (Read Only) (300h/200h) 


This register contains the status from the tape host 
adapter and the tape backup. 


BIT 
76543210 


- 


RDY- is the ready bit. It is asserted and 
deasserted by the RDY- signal in the QICO2 
interface. 


EXC- is the exception condition bit. It is 
asserted and deasserted by the EXC- signal 
in the QICO2 interface. 


DTH- is the direction-to-host bit. It is 
asserted and deasserted by the DIRTOHOST- 
signal in the QICO2 interface 


ONL is the online bit. This bit is the 
inverted loopback of the ONL bit in the 
control register. 


RST is the software reset bit, which is 
looped back from the control register. 


REQ is the request bit, which is looped 
back from the control register. 


These bits are the DMA and interrupt 
enables looped back from the control 
register 


Control Register 


BIT 
76543210 
me 


(Write Only) 


ONL is the online bit. When asserted, 
this bit asserts ONL- in the QICQ02 
interface. When deasserted, this bit 
deasserts ONL-. 


RST is the reset bit. When asserted, 
this bit resets the tape host adapter and 
tape backup and holds them reset until 
deasserted. When RST- is asserted, it 
clears any pending DMA request and 
disables any DMA requests. RST- also holds ( 
the selected DRQn in a high impedance 
state, and deasserts XFER- and asserts 
RST- in the QICO2 interface. Deasserting 
this bit reenables the tape host adapter 
for normal operations. 


REQ is the request bit. When asserted, 
this bit asserts REQ- in the QIC02 
interface. When deasserted, this bit 
deasserts REQ-. 


These are the interrupt and DMA enable 
bits. When asserted, they allow the tape 
host adapter to generate interrupts on the 
selected IRQ line, and to perform DMA 
transfers. Either bit may be used to 
perform this function. 


Unused 


Command Protocol 


Commands for the COMPAQ Tape Host Adapter consists of 
the following general types: 


= Status Transfer 
= Data Transfer 


= Drive Stand-alone 


A command may be issued any time the tape backup is 
ready (RDY- active), and not online (ONL- is 
inactive), or when EXC- is asserted. Commands are 
issued by writing the command code to the data 
register of the tape host adapter,. asserting ONL for 
data transfer commands, asserting the control 
register REQ bit, and waiting until the tape backup 
transition from not-ready to ready. When this 
transition has occurred, deassert REQ and wait for 
another not-ready-to-ready transition. 
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On Drive Stand-alone commands, this second transition 
indicates the completion of the command. 


For a Status Transfer command, this second transition 
and subsequent not-ready to ready transitions 
indicate that one of the bytes of status information 
is ready for reading by the host in the data 
register. After each status byte is read from the 
data register, REQ is asserted, not-ready is 
verified, and REQ is deasserted to complete the 
handshake protocol. When all status bytes have been 
transferred, the next not-ready to ready transition 
Signals the completion of the command. 


During Data Transfer commands, the second and all 
subsequent not-ready to ready transitions signal the 
first byte of each new block of data. On the first 
block of data, the tape host adapter DMA should not 
be enabled until after the Data Transfer command has 
been issued and accepted. The tape backup DIRTOHOST- 
Signal must also be in the correct state and the 
DESKPRO 386/20 DMA controller has been programmed for 
the transfer. 


The DESKPRO 386/20 DMA channel should then be 
unmasked, allowing the DMA transfer to take place. 
When the transfer is complete, which may be polled, 
or is signaled by an interrupt, the process starts 
over again at the next not-ready to ready transition. 
To begin the next transfer for each following block 
of data, take the following actions: 
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= Program the DESKPRO 386/20 DMA controller Tape Host Adapter Connector 

ae Se: Mayen ee meey ae Sew meee The 135-MB tape backup interfaces the COMPAQ tape 
host adapter through J801, the interface connector. 
The COMPAQ tape host adapter interfaces the 8-/16-bit 
expansion bus of the DESKPRO 386/20 through P1. 

Table 10-18 shows the signal functions for the tape 
host adapter interface connector, J801. 


A Data Transfer command is terminated by reaching the 
end of tape, reading a file mask, or by deasserting 
the ONL bit in the control register. 


When EXC- is asserted by the tape backup, the status 
of the tape backup must be transferred to the host 
before any other operation can begin. Typical times 
for EXC- to be asserted are: 


= At power up 
=m After a software reset 


= When the drive does not recognize an issued command 
code as a valid command 


= When a command other than Read Status is issued 
when EXC- is active 


This condition will be signaled by an interrupt, if 
interrupts are enabled, and will be available in the 
status register for polling. In response to seeing 
the EXC- bit asserted, the host must issue a Read 
Status command, any other command will be rejected. 


Tape Host Adapter, J801 Connector 


Signal Descriptions 


Table 10-18. 

Pin I/0 Signal 
12 I/0 ODDATA7- 
14 I/0 DDATA6- 
16 I/0 DDATA5- 
18 I/0 DDATA4- 
20 1/0 DDATA3- 
22 1/0 DDATA2- 
24 I/0 ODDATAI- 
26 I/O DDATAO- 
28 0 ONL- 

30 0 REQ- 

32 0 RST- 


Signal Description 


Negative true 

bidirectional ‘data bus between the 
tape host adapter and the tape 
backup. Bit </> is the most 
significant. 


Online. Asserted before beginning 
a Read or Write command. 
Deasserted to terminate command. 
Request. Handshake signal for 
command or status byte transfers 
between the tape host adapter and 
system. It is asserted to 
indicate that the command byte has 
been placed on the data bus 
(DDATA) or that a status byte has 
been taken from the bus. 

Reset. When asserted, RST- resets 
and holds the tape backup reset. 
Reenables tape backup when 
deasserted. 


(Continued) 


Table 10-18. 
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(Continued) 
I/O Signal Signal Description 


Q XFER- Transfer. Handshake signal for 
data byte transfers between the 
tape host adapter and the tape 
drive backup. It is asserted to 
indicate that a byte has been 
placed on the data bus (DDATA) 
during a write command, or that a 
byte has been taken from the data 
bus during a read command. 
Acknowledge. Handshake signal for 
data byte transfers between tape 
host adapter the tape backup. It 
is asserted to indicate that a byte 
has been taken from the data bus 
(DDATA) during a write command, or 
that a byte has been placed on the 


IT = ACK- 


data bus during a read command. 


I RDY- ODrive Ready. This signal has three 
functions. First, it is an 
indication that a non-data transfer 
command has completed. Second, it 
is a handshake signal for command 
or status byte transfers between 
the tape host adapter and the tape 
backup. And third, it is an 
indication that the next block of 
data is ready for transfer during a 
Data Transfer command. 


(Continued) 
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Table 10-18. (Continued) 
Pin I/0 Signal Signal Description 


40 I EXC- Exception condition. Indication 
from tape backup that a condition 
exists which requires the tape host 
adapter to perform a Get Status 
command before any other operation 
is begun 


42 I  DIRTOHOST- Direction to host. Indicates 
direction in which the tape backup 
is prepared to transfer data. When 
asserted, the transfer 
direction is to the tape host 
adapter. When deasserted, the 
direction is to the tape backup. 


2, 4 Reserved Reserved. These pins are not 
6, 8, 10 driven or received. 

44, 46 

48, 50 

All Odd Ground Signal Ground. 

Pins 


Switch Settings 


Table 10-19 lists the switch settings for the COMPAQ 
Tape Host Adapter. 


Table 10-19. Switch Settings for the COMPAQ Tape 
Host Adapter 


Reference 
Designator Function Description and Default 


SW1-1 Tape host SWl-1 = ON SW1-2 = OFF* 
SW1-2 interrupt Interrupt 5 (IRQ5) 
select switches selected. 


SW1-1 = OFF SW1-2= ON: 
Interrupt 3 (IRQ3) 
selected. 


SW1-3 Tape host adapter SW1-3 and SW1-5 = ON* 
SwW1-4 DMA channel SW1-4 and SW1-6 = OFF:* 
SW1-5 select switches DMA channel 3 
SW1-6 selected. 
SW1-3 and SW1-5 = OFF 
SW1-4 and SW1-6 = ON: 


DMA channel 1 selected 
SW1-7 Tape host adapter SW1-7 = ON * 
SW1-8 base address SW1-8 = OFF:* 


select switch Primary base address 
(300h) selected. 


SW1-7 = OFF 

SW1-8 = ON: 
Secondary address 
(200h) selected. 


EE aaa 


* Default setting 
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Schematics 


The schematics for the COMPAQ Tape Host Adapter are shown in Figure 10-15. Compaq Computer Corporation does not 
guarantee the accuracy of the schematics. They are provided as an aid to understanding the operation of the tape 


host adapter. 


TS TERRI (Ie DE (eee - (eee: Eee, Cae (Reseed een ean ee cence 
NOTES UNLESS OTHERWISE SPECIFIED: 

lL. ALL RESISTORS ARE 1/4w, 52. 
2. ALL CAPACITORS ARE SOV, +80/-202% AND IN MICROFARADS. 
3.  J8O1-xx IS CLIPPED FOR KEYING. 
4. SWITCH SW1. POSITIONS 1 ANO 2, SELECT THE ADAPTER INTERRUPT. IF SWITCH | 

IS ON ANO SWITCH 2 IS OFF, INTERRUPT S IS SELECTED (STANDARD). [F SWITCH 

1 IS OFF ANO SWITCH 2 IS ON, INTERRUPT 3 IS SELECTED. ONE. ANO ONLY ONE 

SWITCH MAY BE ON AT A TIME. 
S. SWITCH SWI. POSITIONS 3 THROUGH 6. SELECT THE ADAPTER DMA CHANNEL. IF 


SWITCHES 3 ANO S ARE ON ANO SWITCHES 4 ANO 6 ARE OFF, OMA CHANNEL 3 IS 
SELECTED <STANOARD). IF SWITCHES 3 ANO S ARE OFF ANO SWITCHES 4 ANO 6 ARE 
ON. OMA CHANNEL I [S SELECTED. SWITCH 3 MUST BE SET THE SAME AS SWITCH S 
ANO SWITCH 4 MUST BE SET THE SAME AS SWITCH 6. ONE. ANO ONLY ONE SWITCH IN 
EACH PAIR (3. 4 ANO 5.6) MAY BE ON AT A TIME. 


6. SWITCH SW1i. POSITIONS 7 ANO 8, SELECT THE ADAPTER I/0 ADORESS. IF SWITCH 7 
IS ON ANO SWITCH 8 IS OFF. THE PRIMARY AOORESS (300 HEX) IS SELECTED 
(STANDARO). IF SWITCH 7 IS OFF ANO SWITCH 8 IS ON. THE SECONDARY AOORESS 
(200 HEX) IS SELECTED. ONE, ANO ONLY ONE SWITCH MAY BE ON AT A TIME. 

C 7. 2 MAY BE OPTIONALLY INSTALLED TO TERMINATE BOTH ENOS OF THE DATA 8US. PER 
THE QICO2 SPEC. 

8. U3 MAY BE REPLACED WITH A 74ASS80 FOR 48mA SINK CAPABILITY ON THE DATA BUS 
IF BOTH THE ORIVE ANO THE HOST ADAPTER HAVE 220/330 OHM TERMINATORS. PER THE 
QICQ2 SPEC. 

9. Jl ANO J2 ENABLE OR OISABLE TERMINATION OF QICO2 DATA BITS O ANO 1 (DATAO- 
ANO DATAL—-). - WHEN THE JUMPERS ARE INSTALLED. THE TERMINATORS ARE ENABLED. 
WHEN THE JUMPERS ARE NOT INSTALLED. THE TERMINATORS ARE OISABLED. 


10. CHASSIS GROUNO IS BROUGHT ONTO THE BOARD THROUGH THE MOUNTING BRACKET. 
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Figure 10-15. COMPAQ Tape Host Adapter Schematics (Page 1 of 4) 
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Figure 10-15. COMPAQ Tape Host Adapter Schematics (Page 2 of 4) 
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Figure 10-15. COMPAQ Tape Host Adapter Schematics (Page 3 of 4) 
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VIDEO DISPLAY CONTROLLER BOARDS 


11.1 INTRODUCTION 


Two COMPAQ® Video Display Controller Boards are 
optionally available with COMPAQ DESKPRO 386/20™ 
Personal Computer: the COMPAQ Video Display 
Controller Board and the COMPAQ Enhanced Color 
Graphics Board. Information about the COMPAQ 
Enhanced Color Graphics Board is provided in a 
separate technical reference guide. Consult the 
specific guide for more information. 


The COMPAQ Video Display Controller Board is 
described in this chapter. This board is compatible 
with color graphics adapters (CGA) and also provides 
several enhanced features. The most noticeable 
feature is the 9 x 14 high-resolution text that has 
been traditional on all other COMPAQ products. The 
high-resolution text is provided when the COMPAQ 
Dual-Mode Monitor is used with the COMPAQ Video 
Display Controller Board, which is shown in 

Figure ll-1l. 


The video display controller board has the following 
features: 


= Dual-mode displays 

=" Display updatable without blanking 
= Socketed character-generator ROM 

=" Color-graphics capabilities 

= Lightpen capability 


= Composite-video capability 
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Figure 11-1. Video Display Controller Board (Assembly 000526) (Page 1 of 2) 
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Figure 11-1b. Video Display Controller Board (Assembly Number 000345) (Page 2 of 2) 
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11.2 COMPAQ VIDEO DISPLAY 
CONTROLLER BOARD 
FUNCTIONAL DESCRIPTION 


The COMPAQ Video Display (VDU) Controller Board 
consists of five major functional blocks. They are 
the: 


= CPU interface 

= CRT controller 

=" Support logic 

= Video memory 

= Character generator 


= Output circuitry 


Figure 11-2 shows the functional block diagram of the 
video display controller board. 


Expansion Bus Interface 


CPU Interface 
Clocks and Control 


Vi 
(See Note) » ideo RAM 


CRT 99 99 
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Lightpen 
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Support 
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Internal Monitor Connector 
RGBI Connector 
Composite Connector 

RF Mod. Connector 


Figure 11-2. COMPAQ Video Display Controller Board 
Functional Block Diagram 


The following paragraphs describe each functional 
block. 


CPU Interface 


The CPU interface consists of address decoding logic, 
address bus buffers, and data bus transceivers. The 
video display controller uses the 8-bit bus to 
interface to the CPU. 


Address lines, together with the bus control signals, 
are used to decode valid I/0 devices. The output 
lines of the decoders select the CRT controller, 
video memory, and other functions. The decoders also 
provide control of the data bus transceiver. 


The interface circuitry allows shared access of video 
memory between the CPU and the CRT controller by 
multiplexing address lines to the video memory. The 
CPU can access the video memory at any time without 
interfering with the display. 


The interface circuitry also provides buffering for 
the RESET signal and the 14.318-megahertz (MHz) 
clock. 


Option jumpers J7 and J8 select a base I/0 port 
address of 3Dxh (standard) or a base I/O port address 
of 3Bxh. Option jumper J9 selects a base memory 
address for the video memory of B8000h (standard) or 
BOOOOh. 
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CRT Controller 


The CRT controller (6845) is a large-scale-integrated 
(LSI) device that generates the addresses and other 
signals that refresh the video memory. It also 
supplies the synchronization and blanking signals for 
the output circuitry. 


The 6845 device contains 19 internal registers, al] 
of which are I/O-mapped. The system BIOS programs 
the internal registers that control the display 
timing. 


The 6845 lightpen register allows lightpen 
interactions for systems with monitors that are 
optically compatible (the COMPAQ Dual-Mode Monitor is 
not compatible due to its medium-persistence 
phosphor) . 
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support Logic 


The support logic consists primarily of a custom 
large-scale integrated (LSI) circuit that provides 
several video functions. 


= Converts data bytes from the video memory or the 
character generator into the individual dots on 
the display (shift register or serialization). 


= Controls the application of the associated video 
attributes and conditions. The Mode and Color 
registers, and part of the Status register are 
part of this device. 


= Generates the memory timing and other clock signals 
for the 6845. 


The support logic selects the high- or low-scan mode 
according to the character-height parameter written 
to the 6845 internal register 09h. A value of ODh in 
register 09h selects the high-scan mode. 


Video Memory 


The video memory on the video display controller 
consists of 16 kilobytes (KB) of static RAM beginning 
at address B8000h and extending to BBFFFh, which is 
shown in Figure 11-3. The video memory is dual- 
ported so that the CPU can access it at any time 
without causing visual anomalies on the CRT display. 


One wait state is automatically inserted on all video 
memory cycles by asserting the I/0 READY- line on the 
expansion bus. The wait state is required for 
synchronization purposes. 


AOOOOh 
Reserved 
BOOOOh Option 
Jumper 
B8000h Standard 
Configuration 
COOOOh 


Figure 11-3. Video Memory Address Space 


Character Generator 


The character-generator ROM is an 8K x 8 static ROM. 
Special character sets can be supported by replacing 
the standard ROM (socketed) with a 250-nanosecond 
(ns), 2764-type EPROM. The CPU cannot read the ROM 
contents--it is accessed only by the 6845, together 
with video RAM. 


The 8K x 8 character generator ROM contains three 
character sets of 256 characters each. The first set 
is used for the 9 x 14 dot cell character set and 
takes up 4 KB. From each group of 16 bytes, 14 are 
used to form the cell, with bytes +00h through +05h 
for the lower six displayed lines, and bytes +08h 
through +O0Fh for the top eight scan lines. Scan 

line 0 is adjacent on the screen to scan line 13 of 
the character above. 


The video display controller generates a ninth 
horizontal dot from an 8-bit-wide ROM for 9 x 14 dot 
cells. It replicates bit <0> (the eighth dot) for 
graphics characters COh through DFh. It places a 
blank dot in the ninth position for other characters. 
This scheme allows continuous horizontal lines and 
solid figures needed by certain graphics symbols. 
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The layout of the 9 x 14 dot cell is as follows: 
BIT 


765 43 2 1 0° Offset Scan line 
+08h 
+09h 
+QAh 
+OBh 
+0Ch 
+0Dh 
+0Eh 
+0Fh 
+00h 
+Qlh 
+02h 
+03h 
+04h 
+05h 13 

+06h (Not used) 
+07h (Not used) 


— 
—- © WO On DM OI FSP WYP KF CO 


_— 
NO 


The second and third sets are interleaved and occupy 
the remaining 4 KB. They provide standard and 
alternate 8 x 8 dot versions (selectable by jumper 
J1) of an 8 x 8 dot cell character font used by both 
40- and 80-column low-scan text modes. Scan line 0 
is adjacent on the screen to scan line 7 of the 
character above. 
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NOTE: A separate character font contained in the Example: Question mark (ASCII 3Fh) in the 9 x 14 dot 
system ROM duplicates the first 128 standard cell. 


8 x 8 dot cells and is used by ROM BIOS 
routines to display text in one of the 


Value 7 6 5 4 3 2 1 O Address’ Scan Line 
graphics display modes. 

00h O3F8h 0 
The second and third character sets in the VDU ROM 00h O3F9h l 
have 8 x 8 dot cells and are interleaved every eight 3Eh O3FAh 2 
bytes. That is, the standard set begins at offset 63h O3FBh 3 
1000h, and the alternate set begins at 1008h. 63h O3FCh 4 
layouts are as follows: 06h 03FDh 5 
Standard Alternate OCh O3SFEh : 
Sat Set 18h O3FFh 7 
BIT 18h O3FOh 8 
765 43 21 0 Offset Offset ooh | | | | | | | {| o3Fth = g 
+00h +08h ish | | | {mT | 03F2h 0 
+01h +09h 18h O3F3h 11 
+02h +0Ah 00h O3F4h 12 
+03h +0Bh 00h O3F5h 13 

+04h +0Ch 00h O3F6h (Not used) 

+05h +0Dh 00h O3F7h (Not used) 

+06h +0Eh 
+07h +0Fh 


NOTE: The bytes at addresses 03FBh and 03FCh 


have the least-significant bit = 1, 


but this 


bit is not right-extended into the ninth 
column because '? lies outside of the 
special range COh through DFh. 


Example: 


Question mark (ASCII 3Fh) in the standard 
8 x 8 dot cell. 
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Output Circuitry 


The output circuitry contains the logic and buffers 
required to interface the video display controller 


Value 7 6 5 4 3 2 1 O Address Scan Line | 7 sas 
with a video display. The output circuitry can 
78h 0 : . 
directly drive a composite-video monitor, an RGBI 
CCh 1 TTL-input monitor or a television, using an external 
0Ch 2 RF modulator (not supplied). 
18h 3 
30h 4 The RGBI, composite, and RF modulator outputs are 
00h 5 normally active only in the low-scan mode. The 
30h 6 internal monitor interface is always enabled. The 
) 00h : internal monitor interface is used with COMPAQ 
portable products. When a COMPAQ Dual-Mode Monitor 


is used with the DESKPRO 386/20, jumper J3 and J5 are 
set to enable all video outputs for both modes. 
Example: Question mark (ASCII 3Fh) in the alternate 
8 x 8 dot cell. 


Value 7 6 5 4 3 2 1 O Address Scan Line 
3Ch 
42h 
02h 
04h 
O8h 
00h 
O8h 
00h 


NSN M&M O11 SP W PO fF OC 
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11.3 PROGRAMMING THE VIDEO 
DISPLAY CONTROLLER 


The video display controller is an I/O-mapped and 
memory-mapped (video memory) board. Table 11-1 lists 
the I/0 addresses for the registers, which are 
described in the following paragraphs. 


Table 11-1. Video Display Controller 1/0 Addresses 


1/0 Read/ Register 

Adar. Write Description 
3D4h W 6845 Index 
3D5h R/W 6845 Data 

3D8h W Mode 

3D9h W Color 

3DAh R Status 

3DBh W Reset Lightpen 
3DCh W set_Lightpen 


Note: See Chapter 4 for general considerations for 
programming I/0 devices. | | 


6845 Index and Data (3D4h and 3D5h) 


The 6845 CRT controller is addressed as two port 
addresses. One port (3D4h) accesses the Index 
register. The other port (3D5h) accesses the Data 
register. 


The CRT controller has 19 internal registers. The 
Index register counts as one of these, although it 
serves as a pointer to the other registers. 


To write to or read from a 6845 register: 


1. Load the 6845 register number into the Index 
register (3D4h). 


2. Write or read the byte to/from the Data register 
(3D5h) . | 


The registers pointed to with Index register values 


of 00h to OBh directly control the timing of the CRT 
controller and the associated waveforms, which drive 


the display monitors. Before changing any of the 
default parameters in these registers, be sure that 
the environment is understood. That is, know which 
monitors are connected to the video display 
controller and what timing each display requires for 
proper operation. 


The initial register values are listed in Table 11-2. 
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Table 11-2. Initial Values for 6845 Internal Registers 
Recommended Values (Default) (Note 1) 
Index Read/ 40 x 25 80 x 25 80 x 25 Graphics 
Reg. Register Description Write Low Scan High Scan Low Scan Low Scan 
00h Horizontal Total (characters)(Note 2) W 38h 71h 71h 38h 
Olh Horizontal Displayed (characters) W 28h 50h 50h 28h 
02h Horizontal Sync Position (characters) W 2Dh 5Ah SAh 2Dh 
03h Horizontal Sync Width (characters) W OAh OAh OAh OAh 
04h Vertical Total (rows)(Note 3) W LFh 19h LFh 7Fh 
O5h Vertical Total Adjust (lines)(Note 4) W O6h O6h O6h 06h 
O6h Vertical Displayed (rows) W 19h 19h 19h 64h 
07h Vertical Sync Position (rows) W 1Ch 19h 1Ch 70h 
O8h Interlace Mode & Skew W 02h O2h 02h 02h 
09h Character Height (lines) W 07h ODh 07h Olh 
OAh Cursor Start (line) W O6h OBh O6h O6h 
OBh Cursor End (line) W O7h OCh 07h 07h 
OCh Display Start Address (high) R/W 00h 00h 00h 00h 
ODh Display Start Address (low) R/W 00h 00h 00h 00h 
OEh Cursor Address (high) R/W 00h 00h 00h 00h 
OFh Cursor Address (low) R/W 00h 00h 00h 00h 
10h Lightpen Address (high) R xxh (Note 5) xxh (Note 5) xxh (Note 5)  xxh (Note 5) 
lih Lightpen Address (low) R xxh (Note 5)  xxh (Note 5) xxh (Note 5)  xxh (Note 5) 
Notes: 1. Recommended values apply to COMPAQ monitors. 


Characters means character count. 
3. Rows = Vertical character units = 8 or 14 lines. 
4. Lines = Horizontal scan line elements that make up a character row. 
5. x = Undefined. 


ee an a ee ee ee eee a A ne pe ce a 
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Mode (3D8h, Write-Only) 


This register selects the current video-display mode 
in conjunction with other 6845 registers. 


BIT 
76543210 

L_. Text 
QO = 40 x 25 
1 = 80 x 25 
Mode 
QO = Text 
1 = Graphics 


Color burst 
QO = Enable 


1 = Disable (black & white) 
Video 

0 = Disable (blank screen} 
1 = Enable 

Graphics 

0 = 320 x 200 

1 = 640 x 200 


Attribute bit </> 
Q = Intensity 
1 = Blinking 


0 (Reserved) 
Attributes 


0 = Color (standard) 
1 = Alternate 


Bit <0>. If bit <0> = 0, text is displayed ina 
40-column mode. In the 40-column mode, the clock for 
the video and timing logic is divided by two. 


If bit <0> = 1, text is displayed in an 80-column 
mode. 


Bit <l>. If bit <l1> = 0, the text mode is selected. 


If bit <1> = 1, the bit-mapped graphics mode is 
selected. 


Bit <2>. If bit <2> = 0, color encoding on the 
composite-video output is enabled. This bit only 
affects the composite-video outputs; the other video 
outputs are unaffected. 


If bit <2> = 1, the reference color-burst signal for 
the composite-video output is disabled (black & white 
display). 


Bit <3>. If bit <3> = 0, the entire display is 
blanked, but the sync signals are still active. 


If bit <3> = 1, the screen is displayed normally. 


Bit <4>. If bit <4> = 0, the display format is 320 x 
200 in the graphics modes. 


If bit <4> = 1, the display format is 640 x 200 in 
the graphics modes (Mode register bit <1l> = 1). 


Tne 640 x 200 mode is al bit-per-pixel format, while 
the 320 x 200 mode is 2 bits per pixel. 


Bit <5>. This bit has meaning in the text modes 
only. 


If bit <5> = 0, then bit </> of the text-attribute 
byte controls the background intensity function. 


If bit <5> = 1, then bit </> of the text-attribute 
byte controls the blinking function. 


Bit <6>. Reserved (always 0). 


Bit </>. This bit has meaning in the text modes only. 


If bit <7> = 0 (standard), the text is displayed with 
the color attributes (color foreground and 
background). (See Section 11.4, Video Display 
Modes. } 


If bit </> = 1, the text is displayed with the 
alternate attributes that define a white or black 
foreground or background and text underlining 
capability. This feature is available only when in 
the high-scan mode. The low-scan mode uses the color 
attributes regardless of the state of this bit. 
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Color (3D9h, Write-Only) 


The Color register specifies: 


= A mode-dependent color for the background, 
foreground, or border 


= Supplemental video intensity 


= Standard or alternate color set for the 320 x 200 
graphics mode 


The color displayed on the screen is a result of the 
Color register values and the colors specified in 
video memory for each display location. 


In the two graphics modes (640 x 200 and 320 x 200 
graphics modes), either 1 or 4 colors can be 
displayed at one time. In the text modes, 

16 foreground and 8 background colors can be 
displayed at the same time. 
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BIT Bits <3..0>. These four bits select a mode-dependent 
76543210 color. 
Litt set bits (=1) enable red, green, 
blue, or intensity In the 640 x 200 graphics mode, they select the color 
I RGB Displayed Color of an active pixel. 
; ; : ; “ In the 320 x 200 graphics mode, they select the color 
0010. Green of an inactive pixel, or background. 
; : ; : a In the 40 x 25 text mode, they select the color of 
0101. Maagent the overscanned border. 
genta 

O11 0 °° #£2Brown 
0111 £42White Bit <4>. If bit <4> = 0, unintensified colors are 
1000 - #£Gray selected for both the 320 x 200 graphics mode and the 
1001 Light Blue background colors in the text mode. 
10410  °#£4LzLight Green ( 
1011 °#&4.zLight Cyan If bit <4> = 1, intensified colors are selected for 
1100 °#£41Light Red both the 320 x 200 graphics mode and the background 
1101  °#4zLight Magenta colors in the text mode. 
1110 °#£z2¥°ellow 
1111 Intense White Bit <5>. Selects the color set used in the 320 x 200 


1 = Supplemental intensity enabled graphics mode. 


If bit <5> = 0, the standard color set is selected. 


Color set The standard set consists of green, red, and brown 

0 = Standard (green, red, brown) : 

1 = Alternate (cyan, magenta, If bit <5> = 1, the alternate color set is selected. 
white) The alternate set consists of cyan, magenta, and 


white. 
00 (Reserved) 


Bits </..6>. Bits <7> and <6> are always 0 
(reserved) . 


Status (3DAh, Read-Only) 


The Status register contains real-time event status 
information. 


BIT 
76543210 
_ Active display 


0 
l Retrace interval] 


Lightpen latch 
Not triggered 
Triggered 


l 
Lightpen switch state 
1 = Vertical retrace in progress 


0000 (Not used) 


Bit <0>. If bit <0> = 0, the video raster is on the 
active (displayed) area of the screen. 

If bit <0> = 1, the video raster is in a horizontal 
or vertical retrace period. 
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Bit <1>. This bit reflects the state of the lightpen 


latch. 


If bit <1> = 1, the lightpen has triggered--the 6845 
lightpen address registers may contain a valid 
address. The state of the lightpen latch can be 
cleared by writing to port 3DBh and set by writing to 
3DCh. 


Bit <2>. This bit reflects the state of the lightpen 


switch signal of the lightpen interface connector. 
This signal is not latched or debounced. 


Bit <3>. This bit reflects the state of the vertical 


sync signal. 


If bit <3> = 1, the vertical retrace signal is 
active. 
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Clear or Set Lightpen Latch 
(3DBh and 3DCh, Write-Only} 


Writing any value to port 3DBh resets the lightpen 
latch bit of the Status register to 0. 


Writing any value to port 3DCh sets the lightpen 
latch bit of the Status register to l. 


Bit <1> of the Status register (3DAh) defines the 
lightpen latch status. 


11.4 VIDEO DISPLAY MODES 


The video display controller displays either graphics 
or text. 


Text displays are character oriented. The dot 
patterns for the display is stored in a character- 
generator ROM. Text on COMPAQ monitors is normally 
displayed in the high-scan mode. (See Section 11.5, 
Monitors Supported. ) 


Graphics displays are pixel oriented. The color of 
each pixel is specified in video memory. A pixel is 
the smallest controllable display element--a single 
dot on the screen. Graphics on COMPAQ monitors are 
displayed in the low-scan mode. 


Figure 11-4 compares the patterns for the 9 x 14 and 
8 x 8 pixel text characters. 
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Text Displays 


See eee a, | eee For text displays, the video display controller uses 
---G88--- -Snee--- 2 bytes of video memory to define each character: the 
ah a a character byte and the attribute byte. 
-BG---858 -— Ba --88-—-— 
ee a The character byte (even address) is sent to the 
a mse=="m== (Cursor line character generator. The character generator 
-aa---u8- ======== (Cursor line provides the patterns for that character code. 
========= (Cursor line 
sesss==== Cursor line The attribute byte (odd address) specifies the 
foreground and background colors to use for the 

9 x 14 Character Format 8 x 8 Character Format character and whether the character should be 

) intensified or blinking (see the Mode register 
Figure 11-4. Comparison of Text Character Formats described previously). 
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Table 11-3 gives the character codes and the Figure 11-5 shows the text attribute byte values 
resulting characters defined in the character (with Mode register bit <7> = 0). 
generator and supported by hardware. Other character 
ened BIT 
sets and utilities to support their use are supplied 76543210 
on the International User Programs Diskette. The kiki: Gok tide fei}: eaable: ved, orean: 
table displays the characters in a hexadecimal blue, or intensity 
Format. I RGB Displayed Color 
0000 Black 
Table 11-3. English, French, Italian, Spanish, 0001 #42Blue 
Swedish/Finnish, and Swiss Character 0010 °# Green 
Sets 0011 #£Cyan 
HIi2S45678B9GUABCDEF 0100 Red 
Q101 #£=Magenta 
= rt =A O11 0 Brown 
6 FRevet* - BoM story aoa ae 
1 Fat UqnsewsttirzervearT 1000. Gray 
.F : 5 1001 #£Light Blue 
z VHS “a! CP R+,-. 4 1010 Light Green 
3 8123456789 :;<¢ => % Le aes ge 
40@ABCDEFGHIJIKLIANNO 1101 Light Magenta 
“A 1110 °#£z2¥°ellow 
0 PQRSTUVUWAYTZINI — 1111 Intense White 
6 ahcdefFgoghiypkIimno | 
7 Set bits (=1) enable green, blue, or 
v Pqagrstuvwxuzit i + o intensity (or blink--see Mode register 
ee ee ee a we Sm. de ch a ee bit <5> for background color. 
G GUuUueaaaaGeeerii1iaAA (Use table above for color values. ) 
9 £ExAGDAANLYOUCE¥RF | | 
fy AL1GdHANTZ2 Er A“YE «>» Figure 11-5. Attribute Byte for Color Text 
nf oe J J 
U Trot Fi Poul we 
D Hin Foit’? roel J 
E «B@MWTiacprgenrawr@BeE N 
F =4+><efJiz° Juz, 


Figure 11-6 shows the alternate text-attribute byte 
values (with Mode register bit <7> = 1) 


BIT 
76543210 


Lit Text attributes 


000 = Black foreground 
001 = Underline this character 
111 = White foreground 


1 = High intensity selected 


Background 
000 = Black 
111 = White 


1 = Blink 


Figure 11-6. Alternate Attribute Byte (80 x 25, 
High-Scan Text Only) 
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Graphics Displays 


For pixel-oriented displays, the video display 
controller uses video memory as the source of the 
patterns to display. 


In the 640 x 200-pixel graphics mode, a single byte 
of video memory defines the state of eight pixels. 
Bit </> is the leftmost pixel on the display. The 
color used for active pixels is specified in the 
Color register. 


BIT 
76543210 
Sakae es ae 


1's indicate active pixels 


11-18 COMPAQ DESKPRO 386/20 Technical Reference Guide 


In the 320 x 200-pixel graphics mode, a single byte 

defines the state of four pixels (two bits per B8000h 
pixel). The two bits that define a pixel specify one | 

of three colors from the standard or alternate color 


Even Scan Lines 


set or the background color. Bits </> and <6> BOFOFh 
control the leftmost pixel. BOFAOh 

BIT } 96 Spare Bytes 
76543210 BSFFFh 
Ll color of pixel BAOOOh 


Odd Scan Lines 
00 = Background color (Color | 
register value) 


01 = Green or cyan (alternate set) ; 
10 = Red or magenta (alternate set) BBFOFh 
11 = Brown or white (alternate set) BBFAOh ( 
Color for pixel (use above values} SCFFFR i al a 
Li! 
Color for pixel (use above values) 
Color for pixel (use above values) Addresses for Graphics 
S Last Col 
For the graphics modes, the video memory is divided pa First Column oa Nate lus 80 
into separate blocks for the even and odd scan lines. 0 B8000h BR04Fh 
Figure 11-7 shows the format of video memory for the 1 BAOOOh BAO4Fh 
graphic modes. 2 B8050h B809Fh 
3 BAQOSOh BAOQFh 
196 B9FOOh BOF 4Fh 
197 BBFOOh BBF4Fh 
198 B9SFS5Oh BOFOFh 
199 BBFS5Oh BBFO9Fh 
Figure 11-7. Format of Video Memory for the Graphic ( 


Modes 


11.5 MONITORS SUPPORTED 


The video display controller supports the following 
types of monitors: 


= COMPAQ Dual-Mode Monitor. 


= COMPAQ Color Monitor or other red-green-blue- 
intensity (RGBI) color monitors that connect to the 
standard DB-9 (9-pin) connector. 


= Monochrome or color monitors that require 
composite-video signals may use an RCA-type 
connector or a recessed Berg connector. 


COMPAQ Dual-Mode Monitor 


The COMPAQ Dual-Mode Monitor supports two different 
display modes, with different scanning frequencies 
for each mode. The high-scan mode is used by the 
COMPAQ Video Display Controller Board to generate 
high-resolution text while providing compatibility 
with software products developed for color graphics 
adapters (CGA). 


The high-scan mode has a horizontal scan frequency of 
18.5 kilohertz (kHz) and a vertical scan frequency of 
50 hertz (Hz), non-interlaced. High scan supports 
the text modes, using a 9 x 14-pixel character block. 
This mode has 350 active vertical lines for 25 rows 
of 14-pixel-high characters, and 720 horizontal 
pixels for 80 columns of 9-pixel-wide characters.(For 
a detailed description of the COMPAQ Dual-Mode 
Monitor, see Chapter 12, Monitors. ) 
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COMPAQ Color Monitor or Other RGBI 
Monitors 


RGBI monitors receive their video signals in the form 
of separate lines for the red, green, and blue 
colors, intensity, horizontal sync, and vertical 
sync. These are all TTL-level signals. With four 
signals (red, green, blue, and intensity) to specify 
color, 16 colors or shades of gray are available. 
Monitors that do not support the intensity signal are 
limited to eight colors. 


The COMPAQ Video Display Controller Board does not 
support high-resolution (9 x 14) text with the COMPAQ 
Color Monitor or other RGBI monitors. 


(For a detailed description of the COMPAQ Color 
Monitor, see Chapter 12, Monitors. } 
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Composite-Video Monitors 


Composite-video monitors, or other video equipment 
with composite-video inputs, connect to the RCA-type 
jack provided on the mounting bracket. When a 
monochrome display is used, disable the color-burst 
signal to reduce interference. 


An external RF modulator can be connected to either 
the RCA-type connector or the recessed Berg 
connector for use with television receivers. The 
Berg connector provides the same video signal as the 
RCA-type connector plus a +12-volt (V) power 
connection. Due to television bandwidth limitations, 
80-column television displays are not recommended. 


Video Display Controller Boards 11-21 


Figure 11-8 shows the timing characteristics for the horizontal sync (HS) signals. 


Video PAVIA i 
(iD) RXXXXXXXAXXNKAKXKKKKKKKKKKKK KKK Symbol__ Parameter Sean___Sean 
a HP Horizontal Period 54.1 ps 63.7 ps 
FP FP Front Porch 0.7 ps 6.7 ps 
Te cere ee HP ae SW Syne Width 3.8 ps 4.5 ps 
Sync BP Back Porch 6.6 ys 7.8 ps 
(HS) 
SW 
BP 
) Figure 11-8. Horizontal Timing 


Figure 11-9 shows the timing characteristics for the vertical sync (VS) signals. 


3 vP Vertical Period 20.0 ms 16.7 ms 

FP FP Front Porch 0.0 ms 1.5 ms 
VE SW Sync Width 0.2 ms 0.2 ms 

Vertical 

Sync -\ BP Back Porch 0.9 ms 2.2 ms 

(VS) 


BP 


) Figure 11-9. Vertical Timing 
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Figure 11-10 shows the characteristics for the video connectors. 


® 
re} — 

ww) 
‘e) > « o = 
: 5 2 $$ 3s : 
| ne ox a, => Nn” 

c 

> © © © Oo -¢- FS >» O29 OD OC ¥F = 2 §F 
So 5 © © © 8 oo OC oe ae os Ue ae Se ee 
~ z= cf Ww Wo So ee oe Se ee 
modo xe = @ ©: 2) 2 eh ah 2k SS = 


J404 
Oe eC 
( 


J401 VID 


J402, VID 
J403 
‘ Black Reference Level 
Sync Level 
HS Mee ee 
Notes: 1. Burst is only present in the 40 x 25 text mode or the 520 x 200 graphics mode. 
2. This is a block—frame format without equalization pulses. ( 


Figure 11-10. Video Display Controller Output Signal Waveforms 


11.6 JUMPERS 


Jumpers Jl through J9 change the configuration of the 
video display controller board. Only J3 and J5 have 
pins and shorting blocks installed. Other jumpers 
are etched on the board. 


Table 11-4 lists the jumpers for the video display 
controller board. 


CAUTION 
Modifying etched jumpers invalidates 
the Compaq warranty of the board. 


Table 11-4. Jumpers on the Video Display Controller 
Board 


Jl - 8 x 8 Character Set Jumper 


The character generator ROM contains two complete 
sets of 8 x 8 dot lookup tables. The standard table 
is suitable for all types of monitors. The alternate 
table provides sharper character set for 40-column 
displays on televisions. This jumper is etched on 
the board. 


Jl Configuration 
2-3 Standard 8 x 8 cell 
1-2 


Alternate 8 x 8 cell 


(Continued) 
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Table 11-4. (Continued) 
J2 - Vertical Sync Polarity 


The vertical sync signals can have positive 
(standard) or negative polarity. This jumper is 
etched on the board. 


J2 Configuration 


1-2 Positive vertical sync (standard) 
23 Negative vertical sync 


J4 - Horizontal Sync Polarity 


The horizontal sync signals can have positive 
(standard) or negative polarity. This jumper is 
etched on the board. 


J4 Configuration 
2-3 Positive horizontal sync (standard) 
1-2 Negative horizontal sync 

J3, J5 - External High-Scan Video 


These jumpers control all but the internal monitor. 
Video outputs will be active in high scan. They are 
changed as a set (both to 2-3 or both to 1-2). 


J3 JS Configuration 
2-3 2-3 Enable high-scan video on 


external outputs (standard 
setting for COMPAQ DESKPRO 386} 

I-2 1-2 Disable high-scan video on 
external outputs (standard 
setting for COMPAQ’ portable 
computers } 


(Continued) 
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Table 11-4. (Continued) Figure 11-11 shows the video display controller board 
J6 - Enable Mode Signal jumpers. 


This 2-pin jumper is always set for 1-2. 


J7, J8, and J9 are reserved. 


J401, Internal J405, J402, RF 
Monitor Connector Lightpen Connector Modulator Connector 


J4035, Composite 


J3/J5 Video Connector 
O O @ g 
| = mT 
mn ae ht Te! CU 
O 
y EY ea 
Se ae 
i ae en ee oa oO 
— SF 


J4@4, RGBI 


Figure 11-11. Video Display Controller Jumpers 
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Table 11-5. J401, Internal Monitor Connector Signals 


11.7 CONNECTORS Signal Pin I/O Description 


CHASSIS 11,12 -- Cable Shield 
Figures 11-12 through 11-17 show the five video GROUND 
display controller board connectors. Tables 11-5 HS / QO Horizontal sync is an active- 
through 11-9 describe the signals for the connectors. high TIL signal in both level 


and drive characteristics. The 
pulse duration is always fixed 
at 8 characters regardless of 
the duration programmed in the 
6845. (For the timing 
characteristics, see Section 


11.5, Monitors Supported. ) 


Key 9.10 ==. == 
» (Continued) 
J401, Internal J4@05, J402, RF 
Monitor Connector Lightpen Connector Modulator Connector 
J405, Composite 
JS /7d5 Video Connector 
O O ® D 
mr “ 20 NO Ce 2k 
yo er ie) 
CJ} Oo 
i a ee O 
C1 PF 
r431 C4 © al 
e © -F 


J404, RGBI 


y Figure 11-12. Video Display Controller Connectors 
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Table 11-5. (Continued) 


Signal Pin I/0 #£Description 


MODE 3 QO This TTL signal controls the 
monitor mode. During a 
mode change, both horizontal 
and vertical sync are sup- 


pressed for up to 16 vertical 
frames. The MODE signal 

is high (= 1) for the low-scan 
mode, and low (= 0) for the 
high-scan mode. 


SIGNAL 2,4,8 -- The ground reference 
GROUND for the TTL signals 
VID 5 QO This analog video output signal 


ranges from 1.0 VDC (black) to 
2.5 VDC (white) into 470 to 
6800 ohms (impedance). Its 
ground reference is the VIDEO 


GROUND signal (pin 6). 


VIDEO 6 -- The ground reference 
GROUND for the VID signal (pin 5). 
VS- l 0 Vertical sync is an active- 


low TTL signal in both level 
and drive characteristics. 
The pulse duration is always 
fixed to three scan lines 
regardless of the duration 
that is programmed in the 
6845 internal registers. 
(For the timing 
characteristics for the 
vertical sync signals, refer 
to Section 11.5, Monitors 


Supported. ) 
ee 


Table 11-6. J402, RF Modulator Connector Signals 


Signal Pin 1/0 Description 

+12 VDC l 0 Power 

COMPOSITE 3 0 This analog signal is the 
VIDEO composite-video output 
Key 2 an : 

SIGNAL 4 -~ Reference for COMPOSITE- 
GROUND VIDEO signal 

Signal Pin Pin Signal 

VS- 1 |OQ0} 2 SIGNAL GROUND 
MODE 3 ;00} 4 SIGNAL GROUND 
VID 5 100} 6 VIDEO GROUND 
HS 7 }|OO0} 8 SIGNAL GROUND 
Key 9 10 Key 

CHASSIS GROUND 11 };O0} 12 CHASSIS GROUND 


Figure 11-13. J401, Internal Monitor Connector 


Pin Signal 

1 +12 VDC 

2 Key 

5 COMPOSITE VIDEO 
4 SIGNAL GROUND 


Figure 11-14. J402, RF Modulator Connector 


Table 11-7. J403, Composite-Video Connector Signals 


Signal Pin I/O Description 

CHASSIS 2 ie Reference for the COMPOSITE 
GROUND VIDEO signal 

COMPOSITE 1 0 This analog signal is the 


VIDEO 


composite-video output 


Pin Signal 


2 CHASSIS GROUND 
1 COMPOSITE VIDEO 
(Same as J402, Pin 3) 


Figure 11-15. J403, Composite Video Connector 
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Table 11-8. J404, RGBI Video Connector Signals 
Signal Pin I/0 Description 


a A A Ic A A dh cn 
B 5 O Blue. Active-high TTL signal. 

G 4 Q Green. Active-high TTL signal. 

HS 8 Q Horizontal sync is an active-high 


TTL signal in both level and drive 
characteristics. The pulse 


duration is fixed at eight 
characters regardless of the 
duration programmed in the 6845. 
(For the timing characteristics, 
refer to Section 11.5, Monitors 
Supported. } 


I 6 0 Intensity. Active-high TTL signal. 
MODE ] Q This signal controls the 


monitor high- or low-scan mode. 
During a mode change, both 
horizontal and vertical sync are 
suppressed for up to 16 vertical 
frames. The MODE signal is 

high for the low-scan mode and low 
for the high-scan mode. 


R 3 O Red. Active-high TTL signal. 
SIGNAL 1,2 -- TTL signal reference. 


GROUND 


VS 9 Q Vertical sync is an active-high TTL 
Signal in both level and drive 
characteristics. The pulse 
duration is fixed to 3 scan lines 
regardless of the pulse duration 
programmed in the 6845. (For the 
timing characteristics, refer to 


Section 11.5, Monitors Supported. ) 
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Signal Pin Signal Pin Signal 
SIGNAL GROUND 1 , ; "iia SWITCH— 
-_ ~— ; MODE 5 LIGHTPEN TRIGGER— 
G 4 HS 4 SIGNAL GROUND 
B 5 VS 5 +5 VDC 

6 +12 VDC 


Chassis Ground 


Figure 11-17. J405, Lightpen Connector 
Figure 11-16. J404, RGBI Connector 


Table 11-9. J405, Lightpen Connector Signals 


Signal Pin I/O Description 

+5 VDC 5 QO +5 VDC lightpen power source 
+12 VDC 6 QO +12 VDC lightpen power source 
Ke 2 = oe 

LIGHTPEN 3 I Active-low signal indicates 
SWITCH- lightpen switch contact closed 
LIGHTPEN 1 I Active-low signal indicates 
TRIGGER- lightpen triggered 

SIGNAL 4 -- Reference for TTL signals 


GROUND 


NN 
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11.8 SCHEMATICS 


Figures 11-18 and 11-19 show the schematics for the COMPAQ Video Display Controller Boards. Compaq Computer 
Corporation does not guarantee the accuracy of the schematics. They are provided to aid in a general understanding 


of the system operation. 
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B 7 6 S 4 3 a4 1 


NOTES, VEAESS OTHERWISE SPECWMD: 
1. ALL RESISTORS ARE 1/4W, 6G AND ARE Wi 00086. ALL CAPACITORS 
MCROF ARABS. 


ARE 6OV AND ARE Mt 


Figure 11-18. Video Display Controller Board (Assembly Number 000345) Schematics (Page 1 of 7) 
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Figure 11-18. Video Display Controller Board (Assembly Number 000345) Schematics (Page 2 of 7) 
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Figure 11-18. Video Display Controller Board (Assembly Number 000345) Schematics (Page 3 of 7) 
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aN 


NOTES. UNLESS OTHERWISE SPECIFIED: 


1. ALL RESISTOR VALUES ARE [IN OHMS. 1/8 w, SZ 
2. ALL CAPACITOR VALUES ARE IN MICROFARAOS AT SOV 


3. THE FOLLOWING COMPONENTS ARE NOT INSTALLEO ON THE PCB; 
Jt. Je. J4, J6. J7/8. JQ, JIO7J11. R24 - R27 


4. CAPACITORS ANO RESISTORS wITH REFERENCE DESIGNATORS 
GREATER THAN 499 ARE MOUNTED ON THE COMPONENT (TOP) 
SIO OF PCB 


5S. NO SPARE GATES ARE AVA[LABLE 


) | 


Figure 11-19. Video Display Controller Board (Assembly Number 000526) Schematics (Page 1 of 9) 
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Figure 11-19. Video Display Controller Board (Assembly Number 000526) Schematics (Page 3 of 9) 
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Figure 11-19. Video Display Controller Board (Assembly Number 000526) Schematics (Page 4 of 9) 
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Figure 11-19. Video Display Controller Board (Assembly Number 000526) Schematics (Page 6 of 9) 
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Figure 11-19. Video Display Controller Board (Assembly Number 000526) Schematics (Page 7 of 9) 
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Chapter 12 
MONITORS 


12.1 INTRODUCTION 


The COMPAQ® Color Monitor and the COMPAQ Dual-Mode 
Monitor are the two digital monitors available for 
the COMPAQ DESKPRO 386/20™ Personal Computer. 


12.2 COMPAQ COLOR MONITOR 


The COMPAQ Color Monitor, shown in Figure 12-1, is a 
dual-frequency, high-quality color monitor that 
supports the COMPAQ Enhanced Color Graphics Board and 
the COMPAQ Video Display Controller Board. With the 
COMPAQ Enhanced Color Graphics Board, the monitor can 
display as many as 64 colors, using a 6-bit color 
definition. 


The dual-frequency feature allows the monitor to 
function at two horizontal frequencies: 15.7 kHz and 
21.8 kHz. The 15.7-kHz horizontal sweep frequency 
generates 200 visible (or active) scan lines per 
vertical frame. The 21.8-kHz horizontal sweep 
frequency generates 350 visible (or active) scan 
lines per vertical frame. 


Figure 12-2 is a functional block diagram of the 
COMPAQ Color Monitor. 


Power lAGIeCGtor 


=, a ae 


Figure 12-1. COMPAQ Color Monitor 
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Specifications 


Table 12-1 lists the COMPAQ Color Monitor 
specifications. 


Table 12-1. COMPAQ Color Monitor Specifications 


Monitor: 


Height 12 in. (30.4 cm) 
Depth 15 in. (38.0 cm) 
Width 13 in. (35.4 cm) 
Weight 28 Ib (12.8 kg) 


Display: 
640 pixels x 350 scan lines (64 colors) 
640 pixels x 200 scan lines (16 colors) 
13-in. screen (diagonal) 
90-degree deflection 
Signal Cable: 
Length 60 in. (1.5 m) 
Interface | RGBI/RrGgBb using shielded 9-pin 


subminiature D-type connector 


Power: 
Cable Length 60 in. (1.5 m) 
Cable Connector NEMA 5-15P (parallel blade plug, 
North American units only) 
Voltage: 
North American units 120 VAC (60 Hz) 
International units 220 to 240 VAC 
(50 to 60 Hz) 


Power Consumption 100 W (maximum) 
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Installation Considerations 


Adjustable Tilt Bar 


The bottom of the monitor has a tilt bar that allows 
the monitor to be viewed in three positions: level 
and 5°- or 10°-angled views. 


To adjust the tilt bar, gently set the monitor on its 
left side, push the spring-loaded tilt bar down and 
set it as desired. Then release the tilt bar and 
lock it into place. 


Video Display Controller Compatibility 


Connect the COMPAQ Color Monitor only to a video 
display controller board having standard RGBI or 
RrGgBb video outputs with a horizontal frequency 
output of 15.7 kHz or 21.8 kHz. The COMPAQ Color 
Monitor works with either the COMPAQ Enhanced Color 
Graphics Board or the COMPAQ Video Display Controller 
Board. When the monitor is connected to a video 
display controller board with incompatible video 
output signals, the display image, shape, and 
position may be distorted. 


NOTE: The switch settings on the video display 
controller board may need to be changed 
before the COMPAQ Color Monitor functions 
correctly. (See your video display controller 
board operations guide for the correct switch 
settings for the COMPAQ Color Monitor. ) 
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Connecting AC Power 


For the North American units of the COMPAQ Color 
Monitor, the alternating-current (AC) power cable is 
an integral part of the monitor. To connect the 
monitor to AC power, plug the power cable into a 
standard 120-VAC (60-Hz) outlet. 


For the international units of the COMPAQ Color 
Monitor, the AC power cable is a separate cable that 
must be plugged in to both the monitor and the AC 
outlet. International units operate on 220- to 240- 
VAC, 50- to 60-Hz power. 


Controls 


Figure 12-3 shows the following COMPAQ Color Monitor 
controls: 


s Power ON/OFF Switch. The Power ON/OFF Switch turns 
on and off the monitor AC power. Pushing the top 
of the rocker-type switch turns on the monitor. 
Pushing the bottom of the switch turns off the 
monitor. 


Contrast Control. The Contrast Control adjusts the 
degree of brightness among the colors. Rotating 
the Contrast Control downward increases the 
contrast. Rotating the Contrast Control upward 
decreases the contrast. The contrast control is 
not operative in 350 scan-line modes. 


Brightness Control. The Brightness Control adjusts 
the brightness of the display. Rotating the 
Brightness Control downward increases the 
brightness. Rotating the Brightness Control upward 
decreases the brightness. 


Vertical-Height, High-Frequency Mode Control 
(V-Height-H). The V-Height-H Control adjusts the 
screen size for the 350 scan-line modes. Adjust 
this control when operating in the 350 scan-line 
modes until the display height is suitable. 


Vertical-Height, Low-Frequency Mode Control 
(V-Height-L). The V-Height-L Control adjusts the 
screen size for the 200 scan-line modes. Adjust 
this control when operating in the 200 scan-line 
modes until the display height is suitable. 


WARNING 


DO NOT ATTEMPT TO ADJUST 
ANY INTERNAL CONTROLS: 


1. REMOVING THE COVER OF THE 
MONITOR EXPOSES YOU TO 
DANGEROUS VOLTAGES. 


2. IMPROPER ADJUSTMENT OF THE 
INTERNAL CONTROLS CAN 
PERMANENTLY DAMAGE THE 
MONITOR. 


3. ATTEMPTING TO ADJUST THE 
CONTROLS VOIDS THE WARRANTY 
ON THE MONITOR. 
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Figure 12-3. COMPAQ Color Monitor Controls 
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Self-Test 


The COMPAQ Color Monitor has a self-test system. To 
initiate this self-test: 


1. Turn off the monitor. 


2. Disconnect the monitor signal cable from the 
computer. 


3. Turn on the monitor. The screen color is white 
when the monitor is working properly after warmup. 


If the screen is dark or any color other than white, 
contact your Authorized COMPAQ Computer Dealer for 
service. 


Connectors 


The COMPAQ Color Monitor has one signal connector, 
which is shown in Figure 12-4. The monitor 
interprets the video signal function according to the 
polarity of the vertical sync (VS) signal coming from 
the video display controller board. When the VS 
signal is active high (+ polarity), the monitor 
operates in the 200 scan-line mode. When the VS 
signal is active low (- polarity), the monitor 
operates in the 350 scan-line mode. 


Signal Pin Pin Signal 

\/¢ 6 1 SIGNAL GROUND 
2 r 

b 7 3 R 

HS 8 

Vis 9 :_ 2 
e. B 


CHASSIS. GROUND 


Figure 12-4. COMPAQ Color Monitor Signal Connector 
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Table 12-2 lists the monitor connector signal 
descriptions. 


Table 12-2. Monitor Connector Signal Descriptions 


200 Scan-line 350 Scan-line 
Pin Description Description 
Signal Ground Signal Ground 
Not used r-secondary red 
R-red R-primary red 
G-green G-primary green 
B-blue B-primary blue 
I-intensity g-secondary green 
Not used b-secondary blue 
HS-horizontal sync HS-horizontal sync 
9 VS-vertical sync VS-vertical_ sync 


Note: All signals are active-high TTL signals, 
except the VS signal. Polarity of VS 


determines the number of scan lines. 


Way 
NTO }O' Te [GO [Po [eR j— 


Co 
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Figures 12-5 and 12-6 show the timing parameters for the COMPAQ Color Monitor. 


CHS _RXERRERHOPROOROOOOPAOOIONOO____PAOOROOO 


350 200 
Fp 7 Symbol Parameter Scan lines Scan lines 
HP HP Horizontal Period 45.8 ps 63.7 ps 
— FP Front Porch Ops 6.7 ps 
(HS) SW Syne Width 4.9 ps 4.5 ps 
SW BP Back Porch leo (rs 7.8 ps 
BP 
Figure 12-5. COMPAQ Color Monitor Horizontal Timing 
Video VVVVVVVVVVVVVVVVVVVVVVVVVVVVVV VVVVVVVVVV 
(io) WA XA 
350 200 
symbol Parameter Scan lines Scan lines 
VP oe VP Vertical Period 16.70 ms 16.80 ms 
Vertical ae FP Front Porch 0.00 ms 1.00. ms 
Sync SW Sync Width 0.60 ms 0.19 ms 
(VS) BP Back Porch 0.08 ms 2.23 ms 
(See Note) SW 
— KBP 


Note: VS is active low for the 350 scan line mode. 
VS is active high for the 200 scan line mode. 


Figure 12-6. COMPAQ Color Monitor Vertical Timing 


3 


12.3 COMPAQ DUAL-MODE 
MONITOR 


The COMPAQ Dual-Mode Monitor is a monochrome, dual- 
frequency monitor for use with the COMPAQ Video 
Display Controller Board or the COMPAQ Enhanced Color 
Graphics Board. 


Figure 12-7 shows the COMPAQ Dual-Mode Monitor. 


Figure 12-7. COMPAQ Dual-Mode Monitor 


Monitors 12-9 


Figure 12-8 is the functional block diagram for the 
COMPAQ Dual-Mode Monitor. 
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Figure 12-8. COMPAQ Dual-Mode Monitor Functional 
Block Diagram 
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Specifications Figure 12-9 shows the active area on the screen. 


Table 12-3 lists the COMPAQ Dual-Mode Monitor 
specifications. 


Vertical 


Table 12-3. COMPAQ Dual-Mode Monitor specifications 


screen: 
CRT size 12 in. diagonal Horizontal 
Phosphor Green, medium persistence rn 
or 
Amber, medium persistence 
Active area 
(see Figure 12-9): 


Horizontal 8.1 in. (20.6 cm) 
Vertical 6.0 in. (15.2 cm) 
Power Requirements: 

Voltage 12.4 VDC + 4% 

Current 1.8 A, maximum Figure 12-9. Active Screen Area 
2.5-A surge (10 ms) 

Signals: 

Video Digital, TTL-level RGBI 
yielding 15 levels of 
intensity 

Horizontal Sync Positive, TTL-level 

Vertical Sync Positive, TTL-level 

Connectors: 

Power 3-pin male circular DIN 
AMP 211502-5, or equiv. 

Signal 9-pin_ male subminiature D 


ag I I a 
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Video Display Controller Table 12-4. COMPAQ Dual-Mode Monitor Functions 
Compatibility Mode Format 
COMPAQ Video Display Controller: 

Connect the COMPAQ Dual-Mode Monitor only to either Text 720 x 350 
the COMPAQ Video Display Controller Board or the Graphics 640 x 200 
COMPAQ Enhanced Color Graphics Board. COMPAQ Enhanced Color Graphics Board: 

| Monochrome Text 720 x 350 
The COMPAQ Dual-Mode Monitor Supports two different Wencchrote Evanhibe Gib S50 
display modes with different scanning frequencies for —————r—r—r—r—_TrTrrre—v Oe 
each mode. The high-scan mode has a horizontal scan el ee 
frequency of 18.5 kHz and a vertical scan frequency __fnhanced Graphics 640 x 3500 
of 50 Hz, non-interlaced. High scan supports the Compatible Graphics 640 x 200 


text modes, using a 9 x 14-pixel character block. 

) This mode has 350 active vertical lines for 25 rows 
of 14-pixel-high characters, and 720 horizontal 
pixels for 80 columns of 9-pixel-wide characters. 

The high-scan mode is used by the COMPAQ Video 
Display Controller Board to generate high-resolution 
text while also providing compatibility with software 
products developed for color graphics adapters (CGA). 


NOTE: The switch settings on the video display 
controller board may need to be changed 
before the COMPAQ Dual-Mode Monitor functions 
correctly. (See your video board operations 
guide for the correct switch settings for the 
COMPAQ Dual-Mode Monitor. ) 


When used with the COMPAQ Enhanced Color Graphics 
Board, the dual-mode monitor provides 15 levels of 
intensity to simulate the 64 colors that would be 
displayed on the COMPAQ Color Monitor. The dual-mode 
monitor also provides high-resolution text with this 
board. Table 12-4 lists the different functions 
Supported by the dual-mode monitor with the COMPAQ 
Video Display Controller Board and the COMPAQ 
Enhanced Color Graphics Board. 
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Waveforms 


Red (R), green (G), blue (B), and intensity (1) 
Signals from the video display controller board 
translate to variations in intensity on a COMPAQ 
Dual-Mode Monitor by assignment of a weighted value 
to each signal. Table 12-5 gives the conversion of 
colors programmed by the software to levels of 
intensity on the dual-mode monitor. Figures 12-10 
and 12-11 show the timing parameters for the monitor. 


Table 12-5. Color-to-Intensity-Level Conversion 


R G BI RGBI Color Relative Intensity 
0 O O OQ. Black 0 (Black) 

Oo O 1 Q. Blue 1 

0 1 #0 #O- Green 2 

0 1 1 =O Cyan 3 

1 O QO 0 Red 5 

1 Q 1 Q Magenta 6 

1 1 0 0 Brown 9 

1 1 #1 =#0-— White 10 (Normal ) 
0 0 O 1 _ Gray 0 (Black) 

0 O 1 1 _ Light Blue 4 

O 1 #O 1. Light Green 7 

O 1 #21 1 Light Cyan 8 

1 0 0 1 Light Red el 

1 QO 1 1 Light Magenta le 

1 1 0 1 Yellow 13 

1 1 1 + =#1 °° #&2Intense White 14 (Intense) 
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High Low 

Symbol Parameter Scan Scan 

HP Horizontal Period 54.1 ps 63.7 us 

a Front Porch 5.7 ps 6.7 ps 

Horizontal SW Sync Width 3.8 US 4.5 US 
Sync BP Back Porch 6.6 ps 7.8 ps 

(HS) 
SW 
BP 
> Figure 12-10. COMPAQ Dual-Mode Monitor Horizontal Timing 

High Low 

Symbol Parameter Scan Scan 
VP Vertical Period 20.0 ms 16.7 ms 
FP Front Porch 0.0 ms 1.5 ms 
SW Sync Width 0.2 ms 0.2 ms 
BP Back Porch 0.9 ms 2.2 ms 


BP 


y Figure 12-11. COMPAQ Dual-Mode Monitor Vertical Timing 
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Connectors 


The dual-mode monitor signal cable connects to the 
RGBI connector (J404) on the COMPAQ Video Display 
Controller Board or the COMPAQ Enhanced Color 


Graphics Board. The dual-mode monitor power cable signal Pin Pin Signal 
connects to the monitor power receptacle. These | 6 1 SIGNAL GROUND 
connectors are located on the back of the system. MODE 7 2 SIGNAL GROUND 
Figure 12-12 and Table 12-6 describe the monitor HS 8 : é 
Signal connector. Figure 12-13 shows the monitor VS 9 : : 
power connector. 
CHASSIS GROUND 
Table 12-6. Dual-Mode Monitor Signal Connector 
Signa) Descriptions Figure 12-12. COMPAQ Dual-Mode Monitor ( 
Signal Pin 1/0 Description Signal Connector 
B s I Blue 
G 4 ] Green Key 
HS 8 I Horizontal sync . . 
I 6 I Intensity SS Pin Signal 
MODE / I Controls the monitor high- or 1 SIGNAL GROUND 
low-scan mode. During a mode 2 SIGNAL GROUND 
change, both horizontal and 3 +12 VDC 
vertical sync are suppressed 
for up to 16 vertical frames. 
The MODE signal is high for 
the low-scan mode and low for 
the high-scan mode. 
R 3 I Red CHASSIS GROUND 
SIGNAL 1,2 -- TTL-signal reference 
GROUND Figure 12-13. COMPAQ Dual-Mode Monitor 
vs. 9 | Vertical sync} Power Connector 
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Chapter 13 13-1 
ASYNCHRONOUS COMMUNICATIONS/PARALLEL PRINTER BOARD 


13.1 INTRODUCTION 


The asynchronous communications/parallel printer 
(ACPP) board is an option for the COMPAQ DESKPRO 
386/20™ Personal Computer. It supplies asynchronous 
communications functions as well as parallel printer 9—Pin Asynchronous Interface 
communications functions. 

SW1 Switch Bank 
The asynchronous (serial) communications functions 
are controlled through a 9-pin asynchronous 
communications port, enabling use of COM1 and COM2. 
The parallel printer functions are controlled through 


IL 
. 
OL 
NE 
Ho 


° Re 
a 25-pin parallel printer port, enabling use of LPT1, 2 Cd 
> LPT2, and LPT3. The settings for both of these ports : OL. oC _IL_1 0 ™ | 
are user selectable. By setting the positions of > ——= aa 0] 00 1C_IF 
switches 1 through 6 of switch bank 1 (SW1), which is < OL 4 oni 
located on the board, the user can enable or disable Se 0 L_J 00 
both ports and their Functions. (For a summary of sc 1 COS 100 
switch settings, see Section 13.4, Switches and 
hennuntan.§ OL Jt 7 JtL dy Ld 0 
O 
SEle 
Figure 13-1 shows the component layout for the ACPP . : 
board. Figure 13-2 shows the functional block tae LASS a 
diagram for the board. Element 
Table 13-1 lists the I/O port addresses and SW1l 25—Pin_Parallel_Printer_ Interface 
switch settings for the various register functions of 
the ACPP board. Figure 13-1. Component Layout for the Asynchronous 
Communications/Parallel Printer (ACPP) 


Board 


13-2 COMPAQ DESKPRO 386/20 Technical Reference Guide 


Address Bus 


Address Bus 
Bus and 
Decode 
Yt, gs PAL 


DIOR— 


Bus 


tft; 


_ 
Q 


YYW RTS 
CES 
DTR 
TxD 
RxD 
DSR 
DCD 
R] 


DIOW— 


Async. 
Comm. 
Element 
(ACE) 
NS1645@ 


| 


SNS 


Control 
“) and 
| Status 


Drivers 


Figure 13-2. ACPP Board Functional Block Diagram ( 
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Table 13-1. Asynchronous Communications/Parallel Printer Board I/0 Port Addresses and SW1 Switch Settings 


Port R/W Register Function SW1 Switch Setting 
278h R/W LPT3 Data 3=0N 4=QFF 
279h R LPT3 Status " 
279h W LPT3 Reserved " 
27Ah R/W LPT3 Control " 
27Bh R/W LPT3 Reserved : 
2F8h R/W COM2 Divisor Latch LSB (with DLA bit = 1) (Note) 5=OFF 6=O0N 
2F8h R COM2 Received Data (with DLA bit = 0) (Note) 7 
2F8h W COM2 Transmit Data (with DLA bit = 0) (Note) 
2F9h R/W COM2 Divisor Latch MSB (with DLA bit = 1) (Note) " 
2F9h R/W COM2 Interrupt Enable (with DLA bit = 0) (Note) - 
2FAh R COM2 Interrupt ID 
> 2FAh W COM2 Reserved " 
2FBh R/W COM2 Line Control 
2FCh R/W COM2 Modem Control : 
2FDh R COM2 Line Status " 
2FEh R COM2 Modem Status " 
2FFh R/W COM2 Scratch " 
378h R/W LPT2 Data 3=OFF 4=O0N 
379h R LPT2 Status " 
379h W LPT2 Reserved 3=0FF 4=0N 
37Ah R/W LPT2 Control " 
37Bh R/W LPT2 Reserved " 
3BCh R/W LPT1 Data 3=0N 4=ON 
3BDh R LPT1 Status " 
3BDh W LPT1 Reserved " 
3BEh R/W LPT1 Control | " 
3BFh R/W LPT1 Reserved " 
3F8h R/W COM1 Divisor Latch LSB (with DLA bit = 1) (Note) 5=O0N 6=ON 
3F8h R COM1 Received Data (with DLA bit = 0) (Note) " 
Note: The DLA bit is in the Line Control register. This bit must be set (=1) to access the divisor latches and 
) reset (=0) to access the Data and the Interrupt Enable registers. 


(Continued) 
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Table 13-1. (Continued) 


Port R/W Register Function SW1 Switch Setting 

3F8h W COM1 Transmit Data (with DLA bit = 0) (Note) 

3F9h R/W COM1 Divisor Latch MSB (with DLA bit = 1) (Note) 7 

3F9h R/W COM1 Interrupt Enable (with DLA bit = 0) (Note) 5=0N 6=0N 

3FAh R COM1 Interrupt ID : 

3FAh W COM1 Reserved 7 

3FBh R/W COM1 Line Control : 

3FCh R/W COM1 Modem Control " 

3FDh R COM1 Line Status . 

3FEh R COM1 Modem Status " 

3FFh R/W COM1 Scratch " 

Note: The DLA bit is in the Line Control register. This bit must be set (=1) to access the divisor latches and 
reset (=0) to access the Data and the Interrupt Enable registers. ( 
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13.2 ASYNCHRONOUS Table 13-2. ACE Registers 
COMMUNICATIONS CIRCUITS Port RW Register Function 
(Not accessible) Receiver Buffer or Transmitter 
; . Holdin 
The core of the asynchronous communications circuit 
, | sel 2F8h 2F9h R/W Baud Rate Divisor Latch (COM2) 
is a National Semiconductor NS16450 Asynchronous 3F8h 3F9h R/W 7. Of " hs (COM1} 
Communications Element (ACE). This device changes 
7 | 2F9h R/W Interrupt Enable (COM2 } 
data received in a parallel format from the system to 3FOh R/W : (COM1) 
a asynchronous format for output to a asynchronous 1FAh R Interrupt ID (COM2) 
device. It also performs the reverse function, 3FAh R " " (COM1 ) 
changing data in asynchronous format to parallel 2FBh R/W Line Control (COM2 ) 
format. 3FBh R/W " ‘ (COM1) 
2FCh R/W Modem Control (COM2 ) 
) The ACE is I/0-mapped beginning at addresses 3F8h 3FCh R/W (COM1 ) 
(COM1), or 2F8h (COM2), depending on the selection of 2FDh R Line Status (COM2 } 
COM1 or COM2. SFDh R (COMI ) 
2FEh R Modem Status (COM2 ) 
Table 13-2 lists the ACE registers, which are stil i (COMI ) 
described in the following paragraphs alltel , pape ao (COM2 ) 
‘ li 3FAh 7 (COM1) 
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ACE Receiver Buffer or Transmitter Holding 


This register contains the byte just received or the 
next byte to be transmitted by the ACE. 


ACE Baud Rate Divisor Latch 


The ACE device contains a built-in baud rate 
generator that divides the input clock (1.8432 MHz) 
by a divisor to create a desired baud rate or 
asynchronous transmission frequency. The divisor is 
found according to the equation: 


Divisor = 1843200/(Desired Baud Rate x 16) 


Baud Rate Divisor 
110 1047 
150 /68 
300 384 
600 192 

1200 96 
2400 48 
4800 24 
9600 12 

19200 6 


Setting bit </> (=1) enables the first two I/0 
addresses of the Line Control register as the 
addresses for the least- and most-significant bytes 
of the 16-bit baud rate divisor. 


ACE Interrupt Enable 


The bits of this register enable as many as four 
interrupt sources. The register format is as 
follows: 
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ACE Interrupt ID 


When a hardware interrupt occurs, the system searches 
for the device sending the interrupt and the reason 
for that interrupt. 


This register contains one bit that flags the ACE as 
the source of the interrupt and two bits that specify 
the reason for the interrupt. The ACE interrupts are 
Received Data Available interrupt prioritized with the lowest-priority interrupt first. 
enabled To clear the interrupt, read the contents of the 
register shown. 


BIT 
76543210 
= 


1 


Transmitter Holding register empty 


1 = 
» interrupt enabled 76 re 210 
1 = Received Line Status interrupt enabled L— 0 = Interrupt is pending (This device 
sent an interrupt. } 
1 = Modem Status interrupt enabled 


00 = Modem Status register--Clear-To-Send, 
Data Set Ready, Ring Indicator, or 
Carrier Detect 


0000 (Reserved) 


01 = Transmitter Holding register empty 

10 = Received Data Available 

11 = Received Line Status register (Overrun 
Error, Parity Error, Framing Error, or 


Break) 


00000 (Reserved) 
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ACE Line Control 


This register specifies the asynchronous data 


transmission format. 


BIT 
76543210 

Lj Word 
00 = 
Ol = 
10 = 
ll = 
Stop 
0 = 
1 = 
1 = 
Pari 
0 = 
1 = 
1 = 
1 = 
0 = 
1 = 


Length (in bits) 
5 


6 
] 
8 


Bit 


Parity bit enabled 


ty 
Odd 
Even 


sticky Parity--with even parity 
enabled, the parity bit becomes active 
low 


Break Control Bit--forces the SOUT 
Signal low 


Enable Receiver Buffer/Transmitter 
Holding registers and Interrupt Enable 
register access 

Enable divisor latch access to write 
baud rate divisor 


ACE Modem Control 


This register controls the modem interface lines. 


BIT 
76543210 
L_ 


= 


a 


DTR- signal active 


RTS- signal active 


0 (Reserved) 


— — 
i li 


Enable asynchronous port interrupts 
Enable internal loopback 


(Reserved) 


ACE Line Status (Read Only) 


This register contains the status of the current data 
transfer. 


BIT 
76543210 


; 


= A character is in the Data register to 
be read 


1 = Overrun error--data lost 

1 = Parity error 

1 = Framing error 

1 = When a Break interrupt has occurred 


1 = Transmitter Holding register is empty, 
ready for character 


1 = Transmitter Holding register and 
Transmitter Shift register are empty 


0 (Reserved) 
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ACE Modem Status (Read Only) 


This register contains the status of the modem 
interface lines. 


BIT 
76543210 


- 


= CTS- has changed state since last read 
by the system 


1 = DSR- has changed state since last read 
by the system 


1 = RI- has changed state since last read 
by the system 


1 = DCD- has changed state since last read 
by the system 


1 = CTS- signal active 
1 = DSR- signal active 
1 = RI- signal active 


1 = DCD- signal active 


13-10 COMPAQ DESKPRO 386/20 Technical Reference Guide 


ACE Reserved 13.3 PARALLEL PRINTER CIRCUITS 


This register is not used currently. One of three addressable printer ports can be 
selected by setting the positions of switches 3 and 4 
in switch bank 1 (SW1). The printer port can also be 
disabled by these switches, which allow the use of a 
printer port of a different controller. (For a 
summary of switch settings, see Section 13.4, 
Switches and Connectors. ) 


The printer circuits are addressed as ports. Data 
are sent parallel to the printer, and printer status 
is received from the printer through these ports. ( 


Before printing, the system must select the printer 
for output (via the Printer Control register). For 
each byte sent to the computer, the system: 


1. Checks the Printer Status register. If the BUSY, 
PAPER END, or ERROR- (printer fault) signals are 
active the system either waits until the status 
changes or it shows an error message. (For a 
complete listing of error messages, refer to 
Appendix A, Error Messages. ) 


2. Sends a byte of data to the Printer Data 
register, then pulses the printer STROBE- signal 
(through the Printer Control register) for 
500 nanoseconds (ns) or longer. 


3. Monitors the Printer Status register for 
acknowledgment of the data byte before sending 
the next byte. 
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In addition to DATA lines to the printer, the system Table 13-3. Parallel Printer Registers 
also has several lines that control printer Port R/W Register Function Device 
functions. Printer functions are controlled by 278h R/W Printer Data LPT3 
writing to or reading from I/0 ports. 378h R/W " . LPT2 
3BCh R/W " : LPT1 
Table 13-3 lists the parallel printer registers and 279h R Printer Status LPT3 
their I/O ports. 379h R " " LPT2 
3BDh R " . LPT1 
27Ah R/W Printer Control LPT3 
37Ah R/W " . LPT2 
3BEh R/W " . LPT1 
279h W Printer Reserved LPT3 
27Bh R/W ‘ : LPT3 
> 379h W " . LPT2 
37Bh R/W : i LPT2 
3BDh W . : LPT1 
3BFh R/W . : LPT1 
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Printer Data 


Each byte written to the Printer Data register (read 
or write) is latched into a loopback register and is 
sent to the printer. The register contents can be 
read back (for test purposes). 


Printer Status 


( 


Read Only) 


This register contains the current printer status. 


BIT 
76543210 


-_ 


000 (Reserved) 


0 
1 


Printer error 
Printer selected (online) 
Out of paper 


Printer acknowledges correct receipt of 
data byte 


Printer busy 


Printer Control 


This register selects the printer for output, strobes 
the data into the printer, and performs other printer 
control functions. 


BIT 
76543210 


| 1 = Printer strobe 
I = Printer auto line feed 
0 = [Initialize printer 
» 1 = Printer select 
1 = Enable interrupt 
000 (Reserved) 
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13.4 SWITCHES AND CONNECTORS 


This section describes the switches and connectors on 
the ACPP board. 


Switches 


Table 13-4 lists the switch settings for the 
Asynchronous Communications/Parallel Printer Board. 


Table 13-4. Asynchronous Communications/Parallel 
Printer Board Switch Settings 


Number Function 
5,6 Asynchronous Port Select: 
5 = ON 6 = 0N -- COM1 Selected 
5 = OFF 6 = ON -- COM2 Selected 
5 = ON 6=O0FF~ -- Reserved 
9 = OFF 6= OFF -~ -- Reserved 
3,4 Printer Port Select: 
3 = ON 42=0N -- LPT1 Selected 
3 = OFF 4 = ON -- LPT2 Selected 
3 = ON 42+ 0FF- -- LPT3 Selected 
3 = OFF 4 = OFF - -- LPT Disabled 
2 Asynchronous Port Disable: 
2 = ON -- Enabled 
2 = OFF -- Disabled 
1 Always OFF 


eB ge NT ee ae ee 
mcm) 
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Connectors Signal Pin Pin Signal 
The 9-pin asynchronous interface and the 25-pin 
parallel interface, which are industry standard, are gg 0 : =o AUTO LINEFEED— 
shown in Figures 13-3 and 13-4. DATA BIT 1 311 62 ERROR— 
O INITIALIZE PRINTER-— 
DATA BIT 2 41106 eee tie 
Signal Pin Signa ee re | ee « SIGNAL GROUND 
DATA BIT 4 6 O 
SIGNAL GROUND SD RING INDICATOR DATA BIT 5 5 O O SIGNAL GROUND 
DATA TERM READY 4 O SIGNAL GROUND 
CLEAR TO SEND DATA BIT 6 8 O 
TRANSMIT DATA Xe) O SIGNAL GROUND 
REQUEST TO SEND DATA BIT 7 9 O 
RECEIVE DATA 2 DATA SET READY Suiacwan knit, 40 1h. ae SIGNAL GROUND 
CARRIER DETECT 1 BUSY 11 O O SIGNAL GROUND 
Chassis Ground PAPER END 12 ope SIGNAL: ae 
SELECT 13 O 


SIGNAL GROUND ( 


Figure 13-3. Asynchronous Interface CHASSIS GROUND 


Figure 13-4. Parallel Interface 
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Chapter 14 
WEITEK COPROCESSOR BOARD 


14.1. INTRODUCTION 


The Weitek'Coprocessor Board with 80387 Socket 
(Figure 14-1) is a high performance option used for 
applications requiring extensive floating point 
arithmetic. For the COMPAQ DESKPRO 386/20™Personal 
Computer, the Weitek Coprocessor Board with 80387 
socket assembly consists of the coprocessor board, 
which contains the Weitek coprocessor chip set, a 
socket for an Intel 80387 Coprocessor, and an 
interconnect board. The two boards connect via 
connectors P2 and P3 (on the Coprocessor board) and 
J2, and J3 (on the Interconnect board) to become one 
assembly. The Weitek coprocessor board installs in 
Slot 2 on the system board. Its’ 8-bit bus connector 
(located on the coprocessor board) is used only for 
stability, no power is drawn from this bus connector. 


Note that, although the Weitek coprocessor board is 
available as an option for use with the COMPAQ 
DESKPRO 386/20 Personal Computer, the 20-MHz Intel 
80387 coprocessor is the coprocessor for the 
mainstream MS-DOS user. 


The Intel 80387 coprocessor provides excellent 
performance for typical software applications. It 
can be installed on the system board without using an 
expansion slot. 


In this chapter, the Weitek Coprocessor Board with 
8038/7 socket assembly will] be referred to as the 
“Weitek coprocessor board." 


The Weitek coprocessor board is an exclusive feature 
of the COMPAQ DESKPRO 386/20 Personal Computer. 
Typical uses of the Weitek coprocessor board include 
CAD, CAE, scientific and other applications, in which 
high-speed numeric calculations significantly 
improves the application performance. 


At 20 MHz, the Weitek coprocessor board executes 

floating point calculations at 4.6 mega-whetstone 
speeds traditionally associated with specialized 

engineering and scientific workstations. 


The Weitek coprocessor board also includes a socket 
for adding a 20-MHz Intel 80387 coprocessor. Users 
requiring compatibility with 8038/-based software can 
utilize high-performance applications that take 
advantage of the Weitek coprocessor board, without 
sacrificing 80387 compatibility or performance. 
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Coprocessor Board 


(To Slot 2, 
System 
Board) 


{| Interconnect Board 


(To Slot 2, 
System 
Board) 


Figure 14-1. Weitek Coprocessor Board with 8038/7 
Socket 


The Weitek coprocessor board includes the following 
features: 


= Full 32-bit and 64-bit floating point format and 
operations, conforming to the IEEE standard for 
floating point arithmetic 


= Real and Protected mode addressing 


= Memory-mapped interface for maximum system 
performance 


= 31 registers, each 32-bits 


The Weitek coprocessor consists primarily of three 
integrated circuits: the WTL 1163, 1164 and 1165. 
The WTL 1164 Floating Point Multiplier and WIL 1165 
Floating Point Arithmetic Logic Unit are optimized 
for floating point arithmetic computations. When 
combined with the WTL 1163 memory mapped 80386 
interface, the three chip set (collectively called 
the Weitek WTL 1167) performs at a 4.6 mega-Whetstone 
rate. 


Designed as a memory-mapped peripheral, the Weitek 
coprocessor communicates with the 80386 over the same 
internal buses that connect main memory to the CPU. 
Instructions transfer across the address bus, 
concurrent with operands moving on the data bus. 


Programmers can utilize 31 data registers for single 
precision (32-bit) calculations or 15 registers for 
double precision (64-bit). The Weitek coprocessor 
board also has a 32-bit Process Context Register 
which contains the Condition Code, Mode, Exception 
Enable and Accumulated Exception bits. 


The Weitek coprocessor board instruction set consists 
of data movement, data conversion, arithmetic and 
comparison instructions. Library routines such as 
transcendental functions and BCD conversions require 
a sequence of instructions that implement the 
appropriate algorithm. Compilers typically supply 
the library support. 


For more information on the Weitek coprocessor board, 
refer to the Weitek WIL 1167 Floating Point 
Coprocessor Data Sheet listed in the Preface of this 
guide. 
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14.2 WEITEK COPROCESSOR 
PROGRAMMING INFORMATION 


The COMPAQ DESKPRO 386/20 Personal Computer supports 
Real-Mode usage of the Weitek coprocessor board by 
translating its Protected-Mode address into the MS- 
DOS address space and by supplying initialization and 
detection software. Although other computers include 
Weitek coprocessor hardware, they typically support 
only Protected Mode usage. 
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Detecting the Presence of the Weitek 
Coprocessor 


MS-DOS application software should execute the 
following procedure to detect the Weitek 1167 
coprocessor presence and type of support: 


The first step in detecting the presence of the 
Weitek coprocessor board is to verify that the CPU is an 
80386. 


1. Execute the following CPU identification 
routine to determine that the target computer ( 


uses the Intel 80386 microprocessor: 


-Callable from real mode only 


“ENTRY: (none) 
-EXIT: AX = CPU type : 0086h if 8086 or 8088 
: O286h if 80286 
: 0386h if 80386 
“USED: AX 
> STACK: 6 BYTES 
cpu_type proc near 
pushf : 
xor ax ,ax - 0000 into AX 
push ax 
popf - Try to put that in flags 
pushf 
pop ax - Look at what really went 
- into flags 
and ax, 0FO00h ; Mask off high flag bits | 
cmp ax, OFO00h - Q: Was high nibble all ( 


- ones? 


je 
mov 


push 
popf 


pushf 


pop 
and 
je 
is_ 386: 
mov 
jmp 
is_ 286: 
mov 
jmp 
1s_86: 
mov 


ct_exit: 
popf 
ret 

cpu_type 


is 86 

ax, 0FOO0Oh 
ax 

ax 

ax, 0FOOOh 
is_ 286 


ax ,0386h 
short ct_exit 


ax, 0286h 
short ct_exit 


ax, 0086h 


endp 


- Y: It’s an 8086 (or 

; 8088) 

- N: Try to set the high 
; bits 


. in the flags 


; Look at actual flags 
- Q: <Any high bits set? 
- N: It's an 80286 


- ¥: It's an 80386 
- It's an 80286 


- It's an 8086 or 8088 


- Restore original flags 
. %*k* RETURN KkK* 
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The CPU Identification Routine returns the CPU type in AX. 
If: 
AX=0086H, 1167 not supported, discontinue detection 
AX=0286H, 1167 not supported, discontinue detection 
AX=0386H, continue 1167 detection procedure 


2. Clear register EAX 
3. Issue an INT11 BIOS call (from real mode): 


INT11 returns EAX (bit 24) = 1 if 1167 is present 
INT11 returns EAX (bit 24) = 0 if 1167 is not present 
INT11 returns EAX (bit 23) = 1 if 1167 addressable ( 
by real and protected mode applications ) 
INT11 returns EAX (bit 23) = 0 if 1167 addressable 
by protected mode applications only 
INT11 returns EAX (bit 22) = 1 if emulation is 
available when 1167 is not present 
INT11 returns EAX (bit 22) = 0 if emulation is not 
available when 116 is not present. 


Note: If an 80387 is installed on the Weitek coprocessor board, use 
the same 80387 Coprocessor Identification Routine described in 
Chapter 4 of this guide. 


Initializing 


Application programs should initialize the rounding 
mode, exception mask, and timers before using the 
1167, and restore the power-on initialization after 
completion. Power-on sets the rounding mode field to 
03h (round toward nearest value for floating point 
numbers, round toward zero for integers) and the 
exception mask field to FFh (exceptions disabled). 
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Execute the following instructions to restore the 
Weitek coprocessor board power-on initialization: 


;Check for type A coprocessor chip set (1167-XXX-GC-A) 


wf ldctx OB8000000h -set PCR bit 15 if 1163A 
wfstctx eax 
and ax, 8000h 
jnz short jlinit “not zero if 1163A 
klinit: -init multiplier 
wf ldctx 16000000h - and ALU timers 
jmp short ilinit 
jlinit: ;-Type A 
wfldctx 56000000h ‘init multiplier timer | 
wf ldctx 98000000h “init ALU timer ( 
ilinit: 
‘Additional initialization regardless of coprocessor type 
wf ldctx 64000000h -init accumulate timer #1 
wf ldctx QA0000000h -init accumulate timer #2 
wf | dctx 30000000h -reserved mode bits to 0 
wf ldctx O3FFOO00h ‘init rounding mode (03h) 


-and exception mask (FFh) 


The initialization macros, wfldctx and wfstctx, are programmed as follows: 


-Real mode addressing, Offset OFFFFh 


WTL116/7seg segment at OFFFFh 

org 10h - start at next paragraph (10000h) 
WIL1L16/7o0f f label byte 

WTL116/seg ends 

assume  fs:WIL116/7seg 

-Load context register: value --> context 
wfldctx macro value 

mov dword ptr WIL1167off [31h shl 10] 


endm 
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Generating Weitek Coprocessor Assembler 
Instructions 


The Weitek coprocessor is mapped into 64k of the 
80386 address space. Normal 80386 MOV instructions 
generate the Weitek coprocessor instructions. The 
bus address created by the 80386 instruction selects 
the coprocessor, and supplies an encoded Weitek 
coprocessor specific instruction. The data 
transferred by the 80386 MOV instruction, is loaded 
into the appropriate Weitek coprocessor register. 


The most significant 16 address bits select the 
coprocessor memory area. The next 6 bits specify the 
coprocessor instruction to execute. The remaining 10 
bits specify the appropriate Weitek coprocessor 
operand registers. 


Real Mode Addressing 


The Weitek coprocessor board resides at logical base 
address 100000h with instructions mapped into 
addresses 100000h to 1OEFFFh for MS-DOS applications. 
This segment of memory is ideal for the Weitek 
coprocessor because it does not conflict with the 
traditional one megabyte address range for MS-DOS. 


The COMPAQ Expanded Memory Manager (CEMM) driver 
translates the physical address of the Weitek 
coprocessor board to an address space accessable by 
Real-Mode MS-DOS applications. CEMM maps the Weitek 
coprocessor board logical] address space to the 
physical address. CEMM puts the 80386 into virtual 
mode and uses memory paging to map logical addresses 
100000h through 10EFFFh to physical address space 
located at C0000000h the COOOEFFFh. Without this 
address translation, Real Mode MS-DOS programs could 
not access the Weitek coprocessor board. 


CEMM activates the Weitek coprocessor board address 
translation with the W=ON option. The W=OFF option 
deactivates the translation. The user should use the 
deactivated condition when not using the Weitek 
coprocessor. Some non-Weitek coprocessor 
applications are not compatible with the Weitek 
coprocessor board s translated address. 


MS-DOS applications address the Weitek coprocessor by 
setting the appropriate segment register (for 
example, DS) to FFFFh, adding an address offset of 
0010h (to access base address 100000h), then 
executing MOV instructions that generate Weitek 
coprocessor addresses between 100000h and 1OEFFFh. 
The following example illustrates Weitek coprocessor 
instruction encoding for real mode programs: 


Coprocessor Segment = FFFF:0000h 
Offset to address 100000h = 0010h 
Opcode = ADD.S = 0000h 


Source of lst Operand = Rl = 0001h 
Source of 2nd Operand = R2 = 0008h 
Actual address generated (sum) = FFFF:0019h 


The segmented address, written FFFF:0019h, is 
equivalent to writing address 100009. The operands 
for the example register-to-register add instruction 
reside in Weitek coprocessor registers Rl and R2. 


The operand for an Weitek coprocessor memory-to- 
register instruction would be loaded into the MOV 
instruction source register. Execution of a 
doubleword MOV instruction transfers the 32-bit 
operand to a designated Weitek coprocessor register. 
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Protected Mode Addressing 


The Weitek coprocessor board resides at physical base 
address C0000000h, with instructions mapped into 
addresses C0000000h to COOOOEFFFh. Protected mode 
programs use the physical address to access the 
Weitek coprocessor. The following example 
illustrates the Weitek coprocessor instruction 
encoding for protected mode programs. 


Suppose two single-precision numbers, stored in 
Weitek coprocessor registers Rl and R2, need to be 
added and the result stored in R2: 


Coprocessor Select = C0000000h 
Opcode = ADD.S = 0000h 
Source of lst Operand = Rl = 0001h 
Source of 2nd Operand = R2 = 0008h 


Actual address generated (sum) = C0000009h 


An 80386 MOV instruction that generates a physical 
address encoded from the above values causes the 
Weitek coprocessor to execute the floating point 
addition. 
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Exception Handling 
Multi-Task Use of Weitek 1167 


The Weitek coprocessor board and the Intel 80387 


generate an IRQ13 interrupt when either encounters an Multi-tasking operating systems must save and restore 
enabled exception. Application programs supply an the 1167 environment for each task. The following 
IRQ13 interrupt service routine for any enabled sequence of events correctly saves and restores the 
Weitek coprocessor exceptions. The routine inspects 1167 environment for each task switch: 

the Weitek coprocessor Accumulated Exception byte to 

determine that the exception was caused by the Weitek Assumptions: 


coprocessor board and takes appropriate action to 
resolve all unmasked exceptions. The routine then 
clears the exception byte and chains to the normal 


= Save and Restore do not 
execute at interrupt level 


80387 vector. = Task switch overhead : 
sufficient to assure Weitek ( 
Real Mode Exception Handling coprocessor is not busy during 


Save and Restore operations. 
MS-DOS application programs handle IRQ13 interrupts 
by trapping INT 75h. After resolving Weitek 
coprocessor exceptions, the routine clears the 
exception byte and chains to the INT 75h vector. The 
INT 75h service routine clears the interrupt 
controllers and invokes the NMI handler (for 
compatibility with 8088/8086 software) . 


Protected Mode Exception Handling 


The Weitek coprocessor and 8038/7 coprocessors can be 
active simultaneously, so special care should be 
taken to preserve the integrity of 80387 exception 
handling done by the normal interrupt handlers. For 
more information on Protected-Mode exception 
handling, consult your operating system reference 
guide. 


Saving and Restoring the Weitek Coprocessor 
Board Environment 


The following procedure saves the Weitek 1167 
environment. 


1. Disable interrupts (see 
Interrupt Handling, below} 


2. Save Weitek process context 
register 


3. Save Weitek registers 0 
through 31 (Register 0 holds 
last data bus access) 


4. Test 8259 in-service 
register for pending 
interrupt, IRQ13 


5. IF IRQ13 pending, then 
execute EOI for IRQ13 then 
execute EOI for IRQ2 
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6. Execute initialization 


routine (see Initializing 
section above for the coded 
routine) 


7. Restore process context 
register for the appropriate 
task 


8. Restore Weitek registers 0 


through 31 for the appropriate 
task 


9. Enable interrupts 


Multi-Task Interrupt Handling 


The process contest register indicates an unmasked 
exception error if an interrupt occurs after the task 
switch disables interrupts. The interrupt save 
procedure stores the process context register and 
clears the interrupt from the 8259 controllers. 
Restoration of the process context register causes 
the Weitek coprocessor board to reassert the 
interrupt. 
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14.3 CONNECTORS 


As mentioned earlier, the Weitek coprocessor board 
consists of two boards, a coprocessor board and an 
interconnect board. Pl (on the interconect board) 
plugs into the coprocessor socket on the system 
board. P2 and P3 (on the coprocessor board) plug 
into J2 and J3 on the interconnect board. The Weitek 
coprocessor board connects to the system board using 
the coprocessor socket and Slot 2 on the system 
board. It should be noted that Slot 2 on the system 
board provides no power to the Weitek coprocessor 
board. 


Table 14-1 lists the signal and pin assignments for 
the Pl coprocessor connector. 


Table 14-1. Pl to J2 and J3 Connector Pin 
Assignments 

Signal Pl Pin # J2 and J3 
ADS- Pl L08 J3 05 
BEO- Pl G13 J3 39 
BE1- Pl H13 J3 38 
BE2- Pl J13 J3 34 
BUSY7- Pl L0O3 J3 19 
CLK2I Pi L1l J3 2/7 
CLKGND Pl Kll J3 26 
CRDY- Pl M04 J3 12 
ERROR- Pl M03 J3 15 
GND = J2 02 
GND =e J2 10 
GND as J2 18 
GND = J2 32 


(Continued) 


Table 14-1. 
Signal 


GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 


INTR 
M-I0 


NC 
NC 
NC 
NC 
NC 


Continued 


Pl Pin # 


A0l 
A0S 
Al0 
C03 
C08 
D12 
FO3 
GO3 
G12 
KO2 
MO6 
N04 
N08 
N13 
MO2 
MQ7 


AQ7 
DO] 


J2 
J2 
J2 
J3 
J3 
J3 
J3 
J3 
J3 


and J3 
40 
48 
02 
10 
18 
32 
40 
48 


16 
07 
01 
03 
90 


(Continued) 
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Table 14-1. Continued Table 14-1. Continued 
Signal Pl Pin # J2 and J3 Signal Pl Pin # J2 and J3 
NC Pl DO4 -- PA 13 Pl AQ2 J2 16 
NC Pl E01 -- PA 14 Pl BO2 J2 15 
NC Pl E13 -- PA 15 Pl BOl J2 12 
NC Pl F13 -- PA 24 Pl FQl J2 09 
NC Pl K12 -- PA 25 Pl G01 J2 08 
NC Pl K13 -- PA 26 Pl HO1 J2 04 
NC P1 L04 -- PA 27 Pl J01 J3 25 
NC P1 L10 -- PA 28 Pl LOl J3 21 
NC P1 L12 -- PA 29 Pl M01 J3 17 
NC Pl M05 -- PA 30 Pl NO1 J3 13 
NC P1 M09 -- PA 31 Pl LO7 J3 08 
) NC P1 M10 =a PD 00 P1 J03 33 23 
NC Pl M13 -- PD 01 P1 J02 J3 24 
NC P1 NO2 -- PD 02 Pi HO3 J2 07 
NC Pl NO6 -- PD 03 Pl HO2 J2 05 
NC Pl NOQ7 -- PD 04 Pl E03 J2 19 
NC P1 NOS -- PD 05 Pl E02 J2 11 
NC Pl Nll -- PD 06 Pi DO3 J2 23 
NC Pl N12 -- PD 07 Pl DO2 J2 17 
PA 02 Pl C13 J2 26 PD 08 Pi C02 J2 13 
PA 03 Pl B13 J2 30 PD 09 Pl BQ3 J2 21 
PA 04 Pl B12 J2 31 PD 10 Pl C04 J2 50 
PA 05 Pl Al3 J2 34 PD 11 Pi B04 J2 25 
PA 06 Pl Al2 J2 35 PD 12 Pi BO5 J2 49 
PA 07 Pl All J2 38 PD 13 Pl C06 J2 45 
PA 08 Pi A0O9 J2 41 PD 14 Pl BO6 J2 46 
PA 09 Pl AQ8 J2 43 PD 15 Pi C07 J2 37 
PA 10 Pl AQ6 J2 47 PD 16 Pl BO8 J2 42 
PA 11 Pl AQ4 J2 24 PD 17 Pl C09 J2 29 
PA 12 Pl A03 J2 20 PD 18 Pl B09 J2 39 


(Continued) 
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(Continued) 


Table 14-1. Continued Table 14-1. Continued 

Signal Pl Pin # J2 and J3 Signal Pl Pin # J2 and J3 
PD 20 Pl C11 J3 47 VCC P1 COl -- 
PD 21 Pl Bll J2 33 VCC P1 C05 == 
PD 22 Pl C12 J3 49 VCC Pl D13 == 
PD 23 Pl Dll J3 46 VCC P1 FQ2 -< 
PD 24 Pl £11 J3 43 VCC P1 G02 -~ 
PD 25 Pl £12 J3 45 VCC Pi Gll -- 
PD 26 Pl Fll J3 41 VCC P1 KOl == 
PD 27 Pl F12 J3 42 VCC P1 K0Q3 -- 
PD 28 Pi H11 J3 35 VCC P1 LO6 -— 
PD 29 Pl H12 J3 37 VCC P1 113 _ 
PD 30 P1 J1l J3 31 VCC P1 M08 -- 
PD 31 P1 J12 J3 33 VCC P1 N03 -— 
PEREQ Pl LO2 J3 20 VCC P1 N10 ae 
READY - Pi LOS J3 04 W-R Pi LO5 J3 11 
RESET Pl M11 J3 29 
TCLK -- J3 01 
TCLKG -- J3 03 
VCC -- J2 06 
VCC -- J2 14 
VCC -~ J2 22 
VCC -- J2 28 
VCC — J2 36 
VCC -= J2 44 
VCC = J3 06 
VCC ae J3 14 
VCC ake J3 22 
VCC == J3 28 
VCC = J3 36 
VCC == J3 44 
VCC P1 BO7 -- 
VCC Pi B10 -- 


Figure 14-2 
connector. 


Pin #1 
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Figure 14-2. 


shows the Pl interconnector board 
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Pl Interconnector Board Connector 
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Figure 14-3 shows the P2 coprocessor board connector. 


Signal 
PAZ 
PD19 


Figure 14-3. 


Pin signal 
1 NC 

2 Ground 
S NC 

4 NC 

5 Pu 

6 +5VDC 
7 PZ 

e) NC 

9g NC 

1@ Ground 
11 mole 
eZ PA15 
19 PD& 
14 +5VDC 
i> PA14 
16 PA13 
1/7 woes 
18 ¢5VDC 
19 PD4 
20 PA12 
21 PDY 
22 ¢5VDC 
Zo PD6 
24 PA11 
Zo PD11 


P2 Coprocessor Board Connector 
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Figure 14-4 shows the P3 coprocessor board connector 


Signal 
CLKGND 
CLK21 
+ 5VDC 
RESET 
WIN— 
PD3@ 
Ground 
PD31 
BE2Z= 
PD28 
+5VDC 
PD29 
BE1— 
BE@ 
Ground 
PD26 
PD2/ 
PD24 
+5VDC 
PD25 
PD235 
PD2@ 
Ground 
PD22 
NC 


Figure 14-4. 


Pin Signal 


OmaOnNOOFPWN- 


TCLK 
Ground 
TCLKG 
READ Y— 
ADS-— 
+5VDC 
M—1@ 
PA31 
WRD Y— 
Ground 
W—R 
CRDY- 
PA3@ 
+5VDC 
ERROR-— 


P3 Coprocessor Board Connector 


14.4 SCHEMATICS 


The schematics for the Weitek coprocessor board are 
shown in Figure 4-5. Compaq Computer Corporation 
does not guarantee the accuracy of the schematics. 
They are provided as an aid in understanding the 
operation of the Weitek coprocessor board. 


Weitek Coprocessor Board 14-19 
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Figure 14-5. Weitek Coprocessor Board with 80387 Socket Schematics (Page 1 of 4) 


14-20 COMPAQ DESKPRO 386/20 Technical Reference Guide 


TCLK 


| 


i 


' 
Lit 
: 


I a 
W's 


te 
Ll 
: 
: 


RESET come saa) 


BSE2e Cec a3 
BE le Cac @n 
a (2 ® (ec a3 


ATT TT TF TR I 
BRPSARSACRRERTARS RCS RELAD ORE 


ee eS eo I ee 


pele Se pe ee Eee 


~—s 


‘erppenicp poberaceacake i  a 


a. a 

=z 

mel Sie assy 
== AC 32 
a ar) CLK2 r OELAY LINE. 20NS/2NS TAP 
a a pd ORV 2 
—F 2! e 
a TD 5% 

—~ 1 oe 
4 \) NN - 


ce to a a a an ae eo ee 


Figure 14-5. Weitek Coprocessor Board with 80387 Socket Schematics (Page 2 of 4) 


Weitek Coprocessor Board 14-21 


CO<31: Q> (aaa) 


c201.49@1) PO<31; Q> 


ROYEN® 
caa@) ENXOUT® (seq) 


cana) ENXING 


(201. 4001 PA<31: 2> 


CS* ¢s@e} 
254° (.00) 
RUY* 201) 


conan C 


(ac:. sean RESET 

(201. <@0) READY?  —_s 
(201. ean W-F 

(201. aagi M- 10 

(201. «ca? AUS? 


(2at. samp) CLKWE1 


wy 
a 


) (Cea OREN UAEAIITN Rr CiCANe ONOSPSIET SSDS, OTROS) |e eEEDgIESESe coe (SEpEPENNNCISE USER) (ONENESS: gD) l 


Figure 14-5. Weitek Coprocessor Board with 80387 Socket Schematics (Page 3 of 4} 


14-22 COMPAQ DESKPRO 386/20 Technical Reference Guide 


C came; 
(CONTROL BUS) U6S 
Ss6sP 
C201. 2002 PA<31:2> 
is ¥ ' Oi 31 
'i4  KO314 coa cos i 
13 KO24,3 COO £03 
Bil 20 | 
it = JO2 Ky x27h10_ 7 | 
iO KOOL Wig x26 ALL <d | 
‘gO x25pl0 25 
CHL %5 x24p09 <4 
7 COLL x23Anl0 <3 | 
CHT 15 Y;; x22 R08 ee 
CR ' 73% X21 pUS__el | 
4. EOI, x20R08__<0 
TZ CEEOL) x19 poe 
2 EO3h> x19pg7 19 J Ul U6 
c taciy BE2e | CKO x17AG7_ 17 | : 
am; Eis siédsTO CS CO x16 p02 16 | WTL1164 x16 wILLL65 
cami. Ges ee ee | :)- 5, x15 A06__ 15 J _ 
capi. AUSS KOS ir x14 AG5__ 14 PGABS PCABS 
(> BR a) US x13 B¥o_ 13 J 
(IS Ge 8 12-US_ le | ERROR eee 
es KOSS WIL1163) x1, AG4 11 ee 
CS GS SL) x10 p04 10 J EREO 2c 
Fi = Ct CT LOS, = PGCAB 4K yg AOS 9 BY= 2012 
(eS GS (1-3 77) xg AG 8 A 
i ie x7 pos? _. 
OE GS Gil) FS xg AGL 6 
CE a x5 pOe 35) 
CC a Ge TS 8; x4 EOL 4 
+ ES OS 2) x3 POL 3 | 
Cr GE ST) x2 -Ol 2 
oe! x1 Bese PO<31: O> C201. 3cal 
= SO xo we 8 
Cy Ge Ge AT) 
CSuese] | Stier 
CSuG4e FT Ki 1) 
cser3 CS CSe tt Ls 
C3LGori | RID) 2 
c2z01. x98) READY © TT JOS be-xrys — 
cac1) MUYEN® es Ge 3-3: FPCLKMOS FOLK pics FPCLK 
(2a. 300) “LEN a Ka -AXOUTLOL__ | _ 3 
(201. 2903 W-f es Gs {23 7 -; : i) a 
c2ci. 290) KES CS Gs vA “St (NTR EU3 a 
mo 


= 

= 

as) pea 

C301) iim: 


- SE a 2 a | 
cacas BWXINe ++ _}_ 
fe 


a a a ee! 


Figure 14-5. Weitek Coprocessor Board with 80387 Socket Schematics (Page 4 of 4) 


Appendix A 
ERROR MESSAGES 


ERROR MESSAGES 


The following pages list the error codes and a brief 
description of the probable source of the error. 


Common Power-On Messages 


Table A-1 lists the messages that could occur when 
the system is turned on or reset. 


Table A-1. Power-On Messages 


Message Beeps Probable Cause 
163-Time & Date Not Set 2S Invalid Time or Date 
(Two very short beeps) 2VS Power-on successful; 


system-board DIP 
switch selected 


speed (HIGH or AUTO) 
RESUME = Fl KEY None Any failure 


A-1 
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Initialization Diagnostic Messages 


Table A-2 lists error messages that may occur as part of the Power-On Self-Test (POST). 


Table A-2. Power-On Self-Test (POST) Messages 
Message 

101-1/0 ROM Error 

101-ROM Error 

102-System Board Failure 

102-System or Memory Board Failure 
162-System Options Error 

162-System Options Not Set-(Run Setup) 
164-Memory Size Error 

XXO00Y ZZ 201-Memory Error (Note 2) 

XXO000Y ZZ Base Module 201-Memory Error 
XXOOO0Y ZZ Module A 201-Memory Error 

XXO00Y ZZ Module B 201-Memory Error 

XXO00Y ZZ Module C 201-Memory Error 

XX000Y ZZ 203-Memory Address Error (Note 2) 
XXO00Y ZZ Base Module 203-Memory Address Error 
XXOO00Y ZZ Module A 203-Memory Address Error 
XXO00Y ZZ Module B 203-Memory Address Error 
XXO00Y ZZ Module C 203-Memory Address Error 
205-Cache Memory Failure 

207-Invalid Memory Configuration 
301-Keyboard Error 

301-Keyboard Error or Test Fixture Installed 


302-System Unit Security Lock is Locked - 
Unlock System Unit Security Lock 


303-Keyboard Controller Error 
304-Keyboard or System Unit Error 


Notes: 1. L means a long beep, and S means a short beep. 


Beeps (Note 1) 
IL, 1S 
IL, 1S 


None 
None 
2S 

2S 

2S 

None 
None 
None 
None 
None 
2S 

None 
None 
None 
None 
None 
None 
None 
None 
2S 


None 
None 


Probable Cause 

Option ROM checksum 
System ROM checksum 
DMA, timers, etc. 
High-order addresses 
No diskette drives or mismatch in drive types 
System configuration 
Memory size discrepanc 
RAM failure 

System memory board 
Memory module A 

Memory module B 

Memory module C 

Memory high address error 
System memory board 
Memory module A 

Memory module B 

Memory module C 

System board 

System memory board 
Keyboard failure 
Keyboard test fixture 
System locked 


Keyboard controller 
Keyboard interface 


2. See Chapter 3, Memory, for examples of interpreting a memory error code. 


(Continued) 


( 


Table A-2. (Continued) 

Message 

402-Monochrome Adapter Failure 
501-Display Adapter Failure 
601-Diskette Controller Error 
602-Diskette Boot Record Error 
/02-Coprocessor Detection Error 
1780-Disk 0 Failure 

1781-Disk 1 Failure 

1782-Disk Controller Failure 
1790-Disk O Error 

1791-Disk 1 Error 

Parity Check 2 XX000Y ZZ (Note 2) 


BIOS Programming Guide 


Beeps (Note 1) Probable Cause 


IL, 2S 
IL, 28 
None 
None 
None 
None 
None 
None 
None 
None 
None 


Monochrome display controller 

Graphics display controller 

Diskette controller 

Diskette does not have a valid boot record 
Switch setting does not agree with 8038/7 detection 
Fixed disk drive 0 not read 

Fixed disk drive 1 not read 

Fixed disk drive controller 

Wrong drive type used in Setup 

Wrong drive type used in Setup 

RAM parity failure 


Notes: 1. L means a long beep, and S means a short beep. 
2 see Chapter 3, Memory for examples of interpreting a memory err Or COCe mm 


A-3 
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Advanced Diagnostics Error Messages 


The following tables list error messages that may 
occur during the ADVANCED DIAGNOSTICS testing. 


Processor 


Table A-3 lists error messages that relate to the 
80386 microprocessor or to other system board 
devices. 


Table A-3. Processor Error Messages 
Message Probable Failure 


101-01 CPU test failed 

101-02 32-bit CPU test failed 

101-91 Multiplication test failed 

101-94 

102-01 Numeric coprocessor initial status word 
incorrect 

102-02 Numeric coprocessor initial control word 
incorrect 


102-03 Numeric coprocessor tag word not all ones 
102-04 Numeric coprocessor tag word not all zeros 


102-05 Numeric coprocessor exchange command failed 
102-06 Numeric coprocessor masked exception 


incorrectly handled 


102-07 Numeric coprocessor unmasked exception 


incorrectly handled 


102-08 Numeric coprocessor wrong mask bit set in 


status register 
(Continued) 


Table A-3. (Continued) 

Message Probable Failure 

102-09 Numeric coprocessor unable to store real 
number 

Numeric coprocessor real number calculation 
test failed 

102-11 Numeric coprocessor speed test failed 
102-12 Numeric coprocessor pattern test failed 


102-14 Switch indicates no numeric coprocessor 


present 


102-15 Numeric coprocessor is inoperative or socket 
is unoccupied 

102-16 Weitek coprocessor unresponsive 

102-17 Weitek failed register transfer test 

102-18 Weitek failed arithemetic operations test 

102-19 Weitek failed data conversion test 

102-20. Weitek failed interrupt test 

102-21 Weitek failed speed test 

103-01 DMA page registers test failed 

103-02 DMA byte controller test failed 

103-03 DMA word controller test failed 


104-01 Interrupt controller master test failed 


102-10 


104-02 


Interrupt controller slave test failed 


104-03 Interrupt controller software RIC is 
inoperative 
105-01 Port 61 bit <6> not at zero 
105-02 Port 61 bit <5> not at zero 
105-03 Port 61 bit <3> not at zero 
105-04 Port 61 bit <1l> not at zero 
105-05 Port 61 bit <0> not at zero 
105-06 Port 61 bit <5> not at one 
105-07 Port 61 bit <3> not at one 
105-08 Port 61 bit <1l> not at one 


(Continued) 


Error Messages A-5 


Table A-3. (Continued) Table A-3. (Continued) 
Message Probable Failure Message Probable Failure 
105-09 Port 61 bit <0> not at one 112-13 Failed cache speed test 
105-10 Port 61 I/0 test failed 113-01 Protected mode test failed 
105-11 Port 61 bit </> not at zero 114-01 Speaker test failed 
105-12 Port 61 bit <2> not at zero 116-01 Way 0 failed W/R test 
105-13 No interrupt generated by failsafe timer 116-02 Way 1 failed W/R test 
105-14 NMI not triggered by failsafe timer 116-03 LRU check failed 
106-01 Keyboard controller self-test failed 116-04 Way 0 failed pattern test 
107-01 CMOS RAM test failed 116-05 Way 1 failed pattern test 
108-02 CMOS interrupt test failed 116-06 Unable to flush the cache 
108-03 CMOS interrupt test, CMOS not properly 116-07 Exception 0 occurred 
initialized 116-08 Exception 1 occurred 

> 109-01 CMOS clock load data test failed 116-09 Exception 2 occurred 

109-02 CMOS clock rollover test failed 116-10 Exception 3 occurred 


109-03 CMOS clock test, CMOS not properly 


116-11 Exception 4 occurred 
initialized 


116-12 Exception 5 occurred 


110-01 Programmable timer load data test failed 116-13 Exception 6 occurred 

110-02 Programmable timer dynamic test failed 116-14 Exception 7 occurred 

110-03 Program timer 2 load data test failed 116-15 Exception 8 occurred 

111-01 Refresh detect test failed 116-16 Exception 9 occurred 

112-01 Speed test slow mode out of range 116-17 Exception 10 occurred s—s—s—S 
112-02 Speed test mixed mode out of range 116-18 Exception 11 occurred 

112-03 Speed test fast mode out of range 116-19 Exception 12 occurred 

112-04 Speed test unable to enter slow mode 116-20 Exception 13 occurred 

112-05 Speed test unable to enter mixed mode 116-21 Exception 14 occurred s—s—s—S 
112-06 Speed test unable to enter fast mode 116-22 Exception 15 occurred 

112-07 Speed test systemerror 116-23 Exception 16 occurred 

112-08 Unable to enter auto mode in speed test SS ————EEEEeEeEE 


112-09 Unable to enter high mode in speed test 


112-10 Speed test high mode out of range 
112-11 Speed test auto mode out of range 


J 112-12 Speed test variable speed mode inoperative 
(Continued) 
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Memory Table A-4. (Continued) 
Message Probable Failure 

Table A-4 lists error messages for memory-related 210-01 Data SA RBS core (with cache OFF) 
errors. (See Chapter 3, Memory, for examples of 210-02 tl idle saving block under test (with 
interpreting a memory error code. we I 

, : : 210-03 Error while restoring block under test (with 
Table A-4. Memory Error Messages cache OFF) 
Message Probable Failure 210-04 Data error during cache reads 
200-06 Invalid memory configuration 210-05 Error while saving block under test (with 
201-01 Memory machine ID test failed eeere i ian Whack cn th 
202-01 Memory system ROM checksum failed oan ae abbas ON} e restoring block under test (wit 
ACTOR ETL PICT CIE Ta 210-07 Main memory update failure 
ie CU 210-08 Cache A20 flush failure 


203-01 Memory write/read test failed 
203-02 Error during saving block under test in 


write/read test 
203-03 Error during restore of block under test 
in write/read test 


204-01 Memory address test failed 


204-02 Error during saving block under test in 


210-09 Cache Diag-status flush failure 


Keyboard 


Table A-5 lists error messages for keyboard-related 


address test errors. 
204-03 Error during restore of block under test 

in address test Table A-5. Keyboard Error Messages 
204-04 A20 address test failed Message Probable Failure 
204-05 Page hit address test failed 301-01 Keyboard short test, 8042 self-test failed 
205-01 Walking 1/0 test failed 301-02 Keyboard short test, interface test failed 
205-02 Error during saving block under test in 301-03 Keyboard short test, echo test failed 

walking 1/0 test 301-04 Keyboard short test, keyboard reset failed 
205-03 Error during restore of block under test in 301-05 Keyboard short test, keyboard reset failed 
_ walking 1/0 test; 302-01 Keyboard long test, failed 

(Continued) 303-01 Keyboard LED test, 8042 self-test failed 


303-02 Keyboard LED test, reset test failed 


303-03 Keyboard LED test, reset failed 
(Continued) 


J 


Table A-5. (Continued) 
Message Probable Failure 


303-04 Keyboard LED test, LED command test failed 
303-05 Keyboard LED test, LED command test failed 


303-06 Keyboard LED test, LED command test failed 
303-07 Keyboard LED test, LED command test failed 


303-08 Keyboard LED test, command byte restore test 
failed 


303-09 Keyboard LED test, LEDs failed to light 


304-01 Keyboard repeat key test failed 
304-02 Unable to enter mode 3 


304-03 Incorrect scan code from keyboard 
304-04 No make code observed 


304-05 Cannot disable repeat key feature 


304-06 Unable to return to normal mode 


315-01 Security lock inoperative 
315-02 security lock stuck in locked position 


Printer 


Table A-6 lists error messages for printer-related 
errors. 


Table A-6. Printer Error Messages 
Message Probable Failure 
401-01 Printer failed or not connected 


402-01 Printer data register failed 
402-02 Printer control register failed 


402-03 Printer data register and control register 


failed 
402-04 Printer loopback test failed 


(Continued) 
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Table A-6. (Continued) 


Message Probable Failure 

402-05 Printer loopback test and data register 
failed 

402-06 Printer loopback test and control register 
failed 


402-07 Printer loopback test, data register and 
control register failed 


402-08 Printer interrupt test failed 
402-09 Printer interrupt test and data register 


failed 

402-10 Printer interrupt test and control register 
failed 

402-11 Printer interrupt, data register and control 
register failed 

402-12 Printer interrupt test and loopback test 
failed 

402-13 Printer interrupt test, loopback test, and 
data register failed 

402-14 Printer interrupt test, loopback test, and 
control register failed 

402-15 Printer interrupt test, loopback test, data 
register, and control register failed 


402-16 Printer unexpected interrupt received 
403-01 Printer pattern test failed 


498-00_Printer failed or not connected 
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Video 


Table A-7 lists error messages for video-related 
errors. 


Table A-7. Video Error Messages 
Message Probable Failure 

901-01 Video controller test failed 
902-01 Video memory test failed 

503-01 Video attribute test failed 
504-01 Video character set test failed 


505-01 Video 80 x 25 mode 9 x 14 char cell test 
failed 


506-01 Video 80 x 25 mode 8 x 8 char cell test 
failed 


507-01 Video 40 x 25 mode test failed 

508-01 Video 320 x 200 mode color set 0 test failed 
509-01 Video 320 x 200 mode color set 1 test failed 
510-01 Video 640 x 200 mode test failed 

511-01 Video screen memory page test failed 

512-01 Video gray scale test failed 

514-01 Video white screen test failed 

516-01 Video noise pattern test failed 


517-01 Lightpen text mode test failed - no response 
517-02 Lightpen text mode test failed - invalid 


response 


ne Taare 10 ve ee 
517-03 Lightpen medium resolution mode test failed - 
no response 


517-04 Lightpen medium resolution mode test failed - 
invalid response 


Table A-8 lists error messages for monochrome 
video-related errors. 


Table A-8. Monochrome Video Error Messages 


802-01 Monochrome video memory test failed 
824-01 Monochrome text mode test failed 


re —-- i a rr re ne rrr ne a ee eee a - oe ee ee 


Diskette Drive 


Table A-9 lists error messages for diskette-related 
errors. 


Table A-9. Diskette Drive Error Messages 


Message Probable Failure 
600-xx Floppy ID Test 


-05 Failed to reset controller 


-20 Failed to get drive type 
6Ql1-xx Floppy Format 
-05 Failed to reset controller 
-09 Failed to format a track 
-23 Failed to set drive type in ID media 
602-xx Floppy Read Test 
-01 Exceeded max soft error limit 
-02 Exceeded max hard error limit 
-03 Previously exceeded max soft error limit 
-04 Previously exceeded max hard error limit 
-05 Failed to reset controller 


-06 Fatal error while reading 
603-xx Floppy Write Read Compare Test 


-01 Exceeded max soft error limit 

-02 Exceeded max hard error limit 

-03 Previously exceeded max soft error limit 
-04 Previously exceeded max hard error limit 
-05 Failed to reset controller 


(Continued) 


Table A-9. (Continued) 
Message Probable Failure 
603-xx_ Floppy Write Read Compare Test (Continued) 


-06 Fatal error while reading 
-07 Fatal error while writing 


-08 Failed compare of write/read buffers 
604-xx Floppy Random Seek Test 


-01 Exceeded max soft error limit 

-02 Exceeded max hard error limit 

-03 Previously exceeded max soft error limit 
-04 Previously exceeded max hard error limit 
-05 Failed to reset controller 


-06 Fatal error while reading 


605-xx Floppy ID Media Test 
-20 Failed to get drive type 


-24 Failed to read floppy media 
-25 Failed to verify floppy media 


606-xx Floppy Speed Test 
-26 Failed to read media in speed test 
-27 Failed speed limits 
607-xx Floppy Wrap Test 
-10 Failed sector wrap test 
608-xx Floppy Write Protect Test 
-28 Failed write protect test 


609-xx Floppy Reset Controller Test 


-05 Failed to reset controller 


610-xx Floppy Chance Line Test 

-21 Failed to get change line status 

= 31 1eC @ fe ange ine aATU 
694-00 Pin 34 not cut on 360 kilobyte diskette drive 
697-00 Diskette type error 


698-00 Diskette drive speed not within limits 
699-00 Drive/media ID error - rerun SETUP 
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Serial Communications 


Table A-10 lists error messages for serial 
communications-related errors. 


Table A-10. Serial Communications Error Messages 


Message Probable Failure 

1101-01 Serial Port Test, UART DLAB bit failure 

1101-02 Serial Port Test, Line input or UART fault 

1101-03 Serial Port Test, Address line fault 

1101-04 Serial Port Test, Data line fault 

1101-05 Serial Port Test, UART control signal 
failure 

1101-06 Serial Port Test, UART THRE bit failure 

1101-07 Serial Port Test, UART DATA READY bit 

faite 

1101-08 Serial Port Test, UART TX/RX buffer failure 

1101-09 Serial Port Test, INTERRUPT circuit failure 

1101-10 Serial Port Test, COM1 set to invalid 
interrupt 

1101-11 Serial Port Test, COM2 set to invalid 
interrupt 

1101-12 Serial Port Test, DRIVER/RECEIVER control 


signal failure 
1101-13 Serial Port Test, UART control signal 


interrupt failure 
1101-14 Serial Port Test, DRIVER/RECEIVER data 
failure 


ree ee ee ee ee re ee ee ee ae Ro Sa Se Ee i a ae ee 
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Modem Communications Table A-11. (Continued) 
Message Probable Failure 


1203-xx Modem External Termination Test 


01 Modem external TIP/RING failure 
02 Modem external DATA TIP/RING failure 
03 Modem line termination failure 


Table A-11 lists error messages and probable failures 
for modem communications. 


Table A-11. Modem Communications Error Messages 


arene aaaaaaamaaas =", Pa 2" § £77 1204-xx Modem Auto Originate Test 
1201-xx Modem Internal Loopback Test oe —— a ee oe roe 
ee a Oh) 1 02 Modem timed out waiting for response 
O01 UART DLAB bit failure 03 Modem exceeded data block retry limit 
02 Line input or UART failure 04 RVC exceeded carrier lost limit 
03 Address line fault 05 XMIT exceeded carrier lost limit 
04 Data line Fault . 06 Time-out waiting for dial tone 
05 UART control signal failure 07 Dial number string too long 
06 UART THRE bit failure ~ 08 Modem timed out waiting for remote response ( 
07 UART DATA READY bit failure 09 Modem exceeded maximum re-dial limit 
08 UART TX/RX buffer failure 10 Line quality prevented remote connection 
09 INTERRUPT circuit failure 11 Modem timed out waiting for remote 


10 COM1 set to invalid interrupt 
11 COM2 set to invalid interrupt 
12 DRIVER/RECEIVER control signal failure 
13. UART control signal interrupt failure 


connection 
1205-xx Modem Auto Answer Test 
01 Modem timed out waiting for SYNC 


14 DRIVER/RECEIVER data failure 02 Modem timed out waiting for response 
15 Modem detection failure 03 Modem exceeded data block retry limit 
16 Modem ROM, checksum failure 04 RCV exceeded carrier lost limit 


O5 XMIT exceeded carrier lost limit 
O06 Time-out waiting for dial tone 
07 Dial number string too long 


17 Tone detection failure 
1202-xx Modem Time-Out Test 


01 Modem timed out waiting for SYNC 08 Modem timed out waiting for remote response 

02 Modem timed out waiting for response 09 Modem exceeded maximum re-dial limit 

03 Modem exceeded data block retry limit TO (Continued) 
(Continued) 


Table A-11. (Continued) 
Message Probable Failure 
1205-xx Modem Auto Answer Test (Continued) 
10 Line quality prevented remote connection 
11 Modem timed out waiting for remote 
connection 
1206 xx Dial Multi-frequency Tone Test 
17 Tone detection failure 
1210-xx Modem Direct Connect Test 
01 Modem timed out waiting for SYNC 
02 Modem timed out waiting for response 
03 Modem exceeded data block retry limit 
04 RCV exceeded carrier lost limit 
O05 XMIT exceeded carrier lost limit 
O06 Time-out waiting for dial tone 
07 Dial number string too long 
08 Modem timed out waiting for remote response 
09 Modem exceeded maximum re-dial limit 
10 Line quality prevented remote connection 
11 Modem timed out waiting for remote 


connection 


Error Messages A-11 


Fixed Disk Drive 


Table A-12 lists error messages for fixed disk- 
related errors. 


Table A-12. Fixed Disk Drive Error Messages 
Message Probable Failure 
1700-xx Hard Disk ID test 
-05 Failed to reset controller 
-09 Failed to format a track 
-41 Failed to ID hard disk (Drive not ready) 
-42 Failed to recalibrate drive 
-45 Failed to get drive parameters from ROM 
-46 Invalid drive parameters found in ROM 
-64 Not a Compaq HD Controller ROM 
-66 Failed to initialize drive parameter 
-69 Failed to read drive size from controller 
-70 Failed translate mode 
-71 Failed non-translated mode 
1701-xx Hard Disk Format 
-05 Failed to reset controller 
-09 Failed to format a cylinder 
-42 Failed to recalibrate drive 
-58 Failed to write sector buffer 
-59 Failed to read sector buffer 
-66 Failed to initialize drive parameter 
1702-xx Hard Disk Read Test 
-01 Exceeded max soft error limit 
-02 Exceeded max hard error limit 
-03 Previously exceeded max soft error limit 
-04 Previously exceeded max hard error limit 
-05 Failed to reset controller 


(Continued) 
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Table A-12. (Continued) 
Message Probable Failure 


1702-xx Hard Disk Read Test (Continued) 


-06 Fatal error while reading 

-40 Failed cylinder 0 

-65 Exceeded max bad sector per track 
-68 Failed to read long 

-/0 Failed translate mode 

-/1 Failed non-translated mode 

-/2 Bad track limit exceeded 

-/3 Previously exceeded bad track limit 


1703-xx Hard Disk Write Read Compare test 
-O1 Exceeded max soft error limit 
-Q2 Exceeded max hard error limit 
-03 Previously exceeded max soft error limit 
-04 Previously exceeded max hard error limit 
-05 Failed to reset controller 
-06 Fatal error while reading 
-Q7 Fatal error while writing 
-08 Failed compare of write/read buffers 
-40 Cylinder 0 error 
-55 Cylinder 1 error 
-63 Failed soft error rate 
-65 Exceeded max bad sector per track 
-67 Failed to write long 
-68 Failed to read long 
-/0 Failed translate mode 
-/1 Failed non-translated mode 
-/2 Bad track limit exceeded 
-/3 Previously exceeded bad track limit 


1704-xx Hard Disk Random Seek Test 


-Q01 Exceeded max soft error limit 
-02 Exceeded max hard error limit 


(Continued) 


Table A-12. (Continued) 
Message Probable Failure 


1704-xx Hard Disk Random Seek Test (Continued) 


-03 Previously exceeded max soft error limit 

-04 Previously exceeded max hard error limit 

-05 Failed to reset controller 

-06 Fatal error while reading 

-40 Cylinder 0 error 

-55 Cylinder 1 error 

-65 Exceeded max bad sector per track 

-70 Failed translate mode 

-71 Failed non-translated mode 

-72 Bad track limit exceeded 

-73 Previously exceeded bad track limit 
1705-xx Hard Disk Controller Test 

-05 Failed to reset controller 

-44 Failed hard disk controller diagnostics 

-56 Failed controller RAM diagnostics 


-57 Failed controller to drive diagnostics 
1706-xx Hard Disk Drive Ready Test 

-41 Drive not ready 
1707-xx Hard Disk Recalibrate Test 

-42 Failed to recalibrate drive 
1708-xx Hard Disk Format Bad Track Test 

-02 Exceeded max hard error limit 

-05 Failed to reset controller 

-09 Format track bed failed 

-42 Recalibrate drive failed 

-58 Failed to write sector buffer 

-59 Failed to read sector buffer 

(Continued) 


Table A-12. 


Message 
1709-xx 
-Q5 
1710-xx 
-XX 
-45 


1714-xx 
-Q1 
-02 
-Q3 
-04 
-Q5 
-06 
-07 
-08 
-10 
-48 
-49 


-50 
-51 
“22 
-55 
-65 
-70 
-71 
“172 


(Continued) 
Probable Failure 


Hard Disk Reset Controller Test 
Failed to reset controller 
Hard Disk Park Head Test 


Failed to get drive parameters from ROM 


-47 Failed to park heads 
Hard Disk File Write Test 
Exceeded max soft error limit 
Exceeded max hard error limit 
Previously exceeded max soft error limit 
Previously exceeded max hard error limit 
Failed to reset controller 
Fatal error while reading 
Fatal error while writing 
Failed compare of write/read buffers 
Failed floppy sector wrap during read 
Failed to move disk table to RAM 
Failed to read floppy media in file write 


test 


Failed File I/O write test 

Failed File I/O read test 

Failed File I/0 compare test 
Failed cylinder 1 

Exceeded max bad sector per track 
Failed translate mode 

Failed non-translated mode 

Bad track limit exceeded 


-73 Previously exceeded bad track limit 
1715-xx Hard Disk Head Select Test 

-45 Failed to get drive parameters from ROM 

-53 Failed Drive/Head register test 

-54 Failed Digital Input register test 


(Continued) 


Error Messages 


Table A-12. (Continued) 
Message Probable Failure 
1716-xx Hard Disk Conditional Dormat Test 
-01 Exceeded max soft error limit 
-02 Exceeded max hard error limit 
-05 Failed to reset controller 
-06 Fatal error while reading 
-07 Fatal error while writing 
-08 Failed compare of write/read buffers 
-40 Cylinder 0 error 
-42 Failed to recalibate 
-55 Cylinder 1 error 
-58 Failed to write sector buffer 
-59 Failed to read sector buffer 
-60 Failed to compare sector buffer 
-65 Exceeded max bad sector per track 
-66 Failed to initialize drive 
-70 Failed translate mode 
-71 Failed non-transl]ated mode 
-7/2 Bad track limit exceeded 
-73 Previously exceeded bad track limit 
171/7-xx Hard Disk ECC Test 
-Q01 Exceeded MAX soft error limit 
-02 Exceeded MAX hard error limit 
-03 Prevously exceeded MAX soft error limit 
-04 Previously exceeded MAX hard error limit 
-05 Reset controller failed 
-06 Fatal error while reading (BIOS status 
>= 0x20) 
-07 Fatal error while writing 
-08 Compare data failed 
-40 Cylinder 0 failed 
-55 Cylinder 1 failed 
-61 Failed uncorrectable error 
-62 Failed correctable error 
-65 Exceeded max bad sector per track 


A-13 
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Table A-12. (Continued) 
Message Probable Failure 
1717-xx Hard Disk ECC Test (Continued) 
-67 Failed to write long 
-68 Failed to read long 
-70 Failed translate mode 
-71 Failed non-translated mode 
-72 Bad track limit exceeded 
-7/3 Previously exceeded bad track limit 


1799-00 Invalid fixed disk drive type 


Fixed Disk Drive Backup (Tape Backup) 


Table A-13 lists fixed disk drive backup-related 
errors. 


Table A-13. Fixed Disk Drive Backup Error Messages 


Message Probable Cause 
1900-xx Tape ID 
-Q1 Drive not installed 
-02 Cartridge not installed 
-26 Cannot identify drive 
-27 Drive not compatible with controller 
-36 Drive installed in other drive 3 
1901-xx Tape Servo Write 


-Q1 Drive not installed 

-02 Cartridge not installed 
-Q3 Tape motion error 

-04 Drive busy error 

-05 Track seek error 

-06 Tape write protected error 
-Q7 Tape already servo written 
-08 Unable to servo write 


(Continued) 


Table A-13. (Continued) 


Message Probable Cause 
1901-xx Tape Servo Write (Continued) 
-11 Drive recalibration error 
-21 Got servo pulses 2nd time but not lst 
-22 Never got to EOT after servo check 
-25 Unable to erase cartridge 
-27 Drive not compatible with controller 
-91 Power lost during test - replace cartridge 
or bulk erase it 
1902-xx Tape Format 
-01 Drive not installed 
-02 Cartridge not installed 
-Q3 Tape motion error 
-04 Drive busy error 
-05 Track seek error 
-06 Tape write protected error 
-09 Unable to format 
-10 Format mode error 
-11 Drive recalibration error 
-12 Tape not servo written 
-13 Tape not formatted 
-21 Got servo pulses 2nd time but not Ist 
-22 Never got to ECT after servo check 
-27 Drive not compatible wth controller 


-28 Format gap error 
1903-xx Tape Drive Sensor Test 
-01 Drive not installed 
-23 Change line unset 


-27 Drive not compatible with controller 
(Continued) 


Error Messages A-15 


Table A-13. (Continued) Table A-13. (Continued) 
Message Probable Cause Message Probable Cause 
1904-xx Tape BOT/EOT Test 1906-xx Tape Write, Read, Compare test 
-Ql1 Drive not installed -01 Drive not installed 
-02 Cartridge not installed -02 Cartridge not installed 
-Q3 Tape motion error -Q3 Tape motion error 
-Q4 Drive busy error -Q4 Drive busy error 
-05 Track seek error -05 Track seek error 
-15 Sensor error flag -06 Tape write protected error 
-27 Drive not compatible with controller -14 Drive time-out error 
-30 Exception bit not set -16 Block locate (block ID) error 
-31 Unexpected drive status -17 Soft error limit exceeded 
-32 Device fault -18 Hard error limit exceeded 
-33 Illegal command -19 Write error (probably ID error) 
> -34 No data detected -20 765 fatal error 
-35 Power-on reset occurred -27 Drive not compatible with controller 
1905-xx Tape Read Test -30 Exception bit not set 
-O1 Drive not installed -31 Unexpected drive status 
-02 Cartridge not installed -32 Device fault 
-03 Tape motion error -33. Illegal command 
-04 Drive busy error -34 No data detected 
-05 Track seek error -35 Power-on reset occurred 
-14 Drive time-out error 1907-xx Tape Write-Protected Test 
-16 Block locate (block ID) error -24 Failed write-protected test 
-17 Soft error limit exceeded -30 Exception bit not set 
-18 Hard error limit exceeded -31 Unexpected drive status 
-19 Write error (probably ID error} -32 Device fault 
-27 Drive not compatible with controller -33. Illegal command 
-30 Exception bit not set -34 No data detected 
-31 Unexpected drive status -35 Power-on reset occurred 


-32 Device fault a 


-33 Illegal command 
-34 No data detected 
-35 Power-on reset occurred 


(Continued) 
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Enhanced Color Graphics Table A-14. (Continued) 
Message Probable Failure 
Table A-14 lists the Enhanced Color Graphics 2417-04 Lightpen medium res. mode failed - invalid 
Controller Board related errors. response 
2418-01 ECG memory test failed 
Table A-14. Enhanced Color Graphics Error Messages 2418-02 ECG shadow RAM test failed 
Message Probable Failure ss 2419-01 ECG ROM checksum test failed 
2402-01 VDU memory test failed 2420-01 ECG attribute test failed 
2403-01 VDU attribute test failed 2421-01 ECG 640 x 200 graphics mode test failed 
2404-01 VDU character set test failed 2422-01 ECG 640 x 350 16 color set test failed 
2405-01 VDU 80 x 25 mode 9 x 14 char cell test 2423-01 ECG 640 x 350 64 color set test failed 
lente EB ac cccmrpioercimpeaieeesiemisieinlpsapeas pence 2424-01 ECG monochrome text mode test failed ( 
2406-01 VDU 80 x 25 mode 8 x 8 char cell test failed BABEL CR eee ee ne ee ee Be ee 


2425-01 ECG h hi de test failed 
2407-01 VDU 40 x 25 mode test failed Beste ee ee 


2408-01 VDU 320 x 200 mode color set 0 test failed 
2409-01 VDU 320 x 200 mode color set 1 test failed 
2410-01 VDU 640 x 200 mode test failed 

2411-01 VDU Screen memory page test failed 

2412-01 VDU Gray scale test failed 

2414-01 VDU White screen test failed 

2416-01 VDU Noise pattern test failed 

2417-01 Lightpen text mode test failed - no 


response 
2417-02 Lightpen text mode test failed - invalid 


response 
2417-03 Lightpen medium res. mode test failed - 


no response 
(Continued) 


Error Messages A-1/7 


COMPAQ® EXPANDED MEMORY Table A-16 lists the exception errors for CEMM. 


MANAGER (CEMM) Table A-16. CEMM Exception Errors 


Table A-15 lists the privileged operation errors for Message __trror 
the COMPAQ Expanded Memory Manager (CEMM). QO Divide 
01 Debug exception 
Table A-15. CEMM Privileged Operation Error Messages 02 NMI_or parity 
Message Error 03 Int 3 
00 LGDT instruction 04 INTO (Arithmetic Overflow) 
01. ®©636©LIDT instruction...» © 05 Array bounds check 
03. ®©&8356—~L2 instruction °° © 07 Coprocessor Device not available 
> 04... &2+x}LL3 instruction... 08 Double Fault 
05 ©)—)6» MOV CRx instruction § © 09 Coprocessor Segment overrun 
06s MOV DRx instruction 1Q0 Invalid TSS 
07 MOV TRx instruction 11 segment not present 
— 2 12 Stack Fault 
13 General Protection Fault 
14 Page Fault 
16 Coprocessor 
32 Attempt to write to protected area 
33 Reserved 
34 Invalid software interrupt 


Appendix B B-1 
NATIONAL KEYBOARDS 


This appendix illustrates the national versions of the COMPAQ® Enhanced Keyboard. The letter code in parentheses 
designates the unique software driver necessary for proper operation of each national keyboard. Figures B-1 
through B-9 show the versions in the following alphabetic order: 


= Danish (KEYBDK) 

= French (KEYBFR) 

= German (KEYBGR) 

= Italian (KEYBIT) 

= Norwegian (KEYBNO) 

= Spanish (KEYBSP) 

= Swedish/Finnish (KEYBSV/SU) 
= Swiss (KEYBSF/SG) 

# U.K. English (KEYBUK) 
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Figure B-1. Danish COMPAQ Enhanced Keyboard Layout 
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Figure B-2. French COMPAQ Enhanced Keyboard Layout 
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Figure B-3. German COMPAQ Enhanced Keyboard Layout 
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J Figure B-4. Italian COMPAQ Enhanced Keyboard Layout 
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Figure B-5. Norwegian COMPAQ Enhanced Keyboard Layout 


, 


|Q 


6 ES 


Figure B-6. 
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Spanish COMPAQ Enhanced Keyboard Layout 
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Figure B-7. Swedish/Finnish COMPAQ Enhanced Keyboard Layout 
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Figure B-8. Swiss COMPAQ Enhanced Keyboard Layout 
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Figure B-9. U.K. English COMPAQ Enhanced Keyboard Layout 
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INDEX 


SSS SSS SSS SSS nS SSS SSS Ts ss SSS Ss ss SSUES 


1.2-MB diskette drive 1-8, 8-1, 8-4 
1.44-MB diskette drive 1-8, 8-1, 8-4 
1-MB 32-bit memory module 1-3, 1-8, 3-18, 3-40 
component layout 3-19 
schematics 3-40 
1-MB and 4-MB 32-bit system memory 3-24 
1-Megabyte 32-bit system memory board 1-3, 1-6, 3-24 
component layout 3-13 
schematics 3-26 
li-bit data transfer timing 
ll-bit data transmission format 2-89 
ll-bit scan codes 2-8] 
130-MB fixed disk drive system 1-3, 1-4, 9-1, 9-26 
9-27 
configuration specifications 9-27 


jumpers 9-34 


135-MB tape backup system 1-4, 10-1, 10-24 
132-watt steady-state power supply 1-6 


20-MHz 80386 microprocessor l=], 2=9;-c-50 
20-MHz 80387 coprocessor 1-4, 1-8 
20-MHz 82385 cache controller (see cache) 1-1 
20-MHz Weitek coprocessor board with 80387 socket 
1-4, 14-1 


a SSS SSS SS ssh SS Ss 


25-pin parallel printer interface 1-6 
300-MB fixed disk drive system 1-3, 1-4, 9-1, 9-28 
configuration specifications 9-29 
jumpers 9-34 


32-bit 
CPU Bus (Local Bus) 2-10 
data 3-1 
instruction set 4-] 


memory bus connector 2-103 
memory bus control 2-23 
memory bus signals 2-18 
memory modules 3-18 
prefetch mechanism 2-5 
register usage 4-7 
system memory I-1, 2-1 


360-KB Diskette drive 1-8, 8-1, 8-4 
4-Megabyte (MB) 32-bit memory module 1-3, 1-8, 3-18 


3-45 

component layout 3-20 

schematics 3-45 

4-MB 32-Bit System Memory Board 1-3, 3-6, 3-8, 3-24 

3-33 

component layout 3-14 

schematics 3-33 
40-MB tape backup 

header 10-13 

system I-4,4-6, 10-1 

command summary 10-8 

data format 10-11 

formatting 10-11 
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eesecerer nner merece ne 


specifications 10-6 
60-MB fixed disk drive system 1-3, 1-4, 1-6, 9-1 
9-23 
configuration specifications 9-23 
connectors 9-24 
8 x 8 character cells 4-168 
8 x 8 dot patterns 4-170 
8-/16-bit 
bus I/0 timing 2-40 
bus memory timing 2-40 
expansion 1-3 
expansion bus 1-1, 1-3, 2-1, 2-2, 2-15, 2-23 
2-24, 2-28 
expansion bus connector 2-104 
expansion bus signals 2-33 
expansion bus timing characteristics 2-38 
8-MHz 80286 based 1-3 
80286-based 2-10, 2-28 
80386 microprocessor 2-10, 2-17, 3-3, 4-1 
anomalies 4-11 
software compatibility 4-8 
software features 4-7 
Protected Mode 4-7 
Virtual Mode 4-8 
80387 numeric coprocessor 2-10, 2-15, 2-17, 2-/1 
80387 segment overrun 4-120 


8042 keyboard controller 


comand codes 2-95 
command byte 2-94 
input port 2-9) 
keyboard controller 2-86 
port functions 2-89 
programming examples 2-97 
status register 2-93 
TEST input port 2-91 
8042-to-keyboard interface 2-88 
8088-based 2-/ 
82385 cache controller 2-2, 2-9,2-10, 2-13 
2-14, 2-15 
8254-2 2-64 
9 x 14 character cells 4-167 
9-pin asynchronous communications interface 1-6 
A 
access rate 4-8 
ACE registers 13-5 
active display page 4-162 
additional flags 2-83 
addresses - memory decoding 2-42 
ADS- 2-24 
ADS- (Address Strobe) 2-23 
Alternate Status (3F6h, Read Only), fixed disk 
drive 9-11 


alternate disk reset 4-139 


anomalies, summary 4-12 
ASICs 2-10 
Asynchronous communications 4-110 
1/0 interrupts 4-111 
port initialization 4-113 
ports 0, 1, 2, 3 4-105 


sense communications status 4-115 


Asynchronous Communications/Parallel Printer (ACPP) 
Board 1-8, 13-1 


block diagram 13-2 

communications circuits 1325 

connectors 13-14 

printer circuits 13-10 
asynchronous port - status 4-115 
asynchronous ports 4-110 
attribute byte 11-16 
AUTO (system board) 2-7, 2-101 
autocycle 6-2 
automatic 

execution 2-1) 

segment wraparound 2-29 
Be 
Bl step 
base and current address 2S 


INDEX 5 


base memory 2-101, 3-3, 3-15 
base memory configurations 3-4 
base memory size 2-81, 3-5, 4-71 


battery 2-75, 2-106 
BIOS 


extension 4-7] 


interrupts (see Interrupts) 


asynchronous communications 4-110 
diskette 4-87 


fixed disk 4-129 


keyboard 4-116, 4-119 
miscellaneous 4-169, 4-1/0 


printer 4-104, 4-105 
ROM locations 4-172 
ROM revision code 4-172 


system 4-68 
tick counter/real-time-clock (RTC) 4-59 


type code 4-172 

video 4-146 
speed parameters 4-26 
type 4-175 
video interrupts 4-147 

Block diagrams 

135-MB fixed disk drive backup 10-25 
40-MB fixed disk drive backup 10-2 


Asynchronous Communications/Parallel Printer 
(ACPP) board 13-2 


color monitor 12-3 
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diskette drive 8-3 
dual-mode monitor 12-14 
fixed disk drive controller board (buffered) 9-2 
I/O address decoding 2-43 
interrupt controller 2-62 
keyboard 5-3 
keyboard controller 2-8/7 
Multipurpose Fixed Disk Drive Controller (MFFDC)} 
Board /-3 
video display controller board 11-2 
BLOCK mode 2-55 
BLOCK move 3-7, 4-78 
Block Move Descriptor Table 4-80 
Boot Fail (INT 18h) 4-86 
Bootstrap (INT 19h) 4-86 
bootstrap operations 4-68 
bound Exceeded 4-106 
BRDY- 2-23 
buffer 4-123, 4-125 
Built-in User Memory 3-15 
Bus 
arbitration 2-4) 
controller 2-40 
memory cycles 2-29 
ready 2-24 


C 
Cache 2-29, 3-1 
bus interface 1-1 
bus interface (CBI) 2-1, 2-10, 2-17, 2-23 
3 1, 3-3 
bus interface IC (CBI) 2-10 
control 4-31 
controller 2-17,2-24, 2-28, 2-29, 2-41, 2-42 
memory 3-3 
subsystem 2-9, 4-8 
subsystem (82385) 2-1 
system 2-1, ll 
system (cache) 2-1 
CACHE. EXE 4-31 
cache/bus controller 2-2 
Cancel Event Wait 4-75 
CBI 2-24, 2-28, 2-31 
cel] 4-164 
CEMM (see COMPAQ Expanded Memory Manager} 4-27 
AUTO 4-30 
driver 4-28 
privileged operation error messages 3-16 
Character byte 11-16 
format 11-16 
codes 11-17 


generator 11-5 


Character - set jumper 11-27 
Check for Enhanced Key in Type- 4-125 
Check For Key Available 4-122 
Check the keyboard LED indicator status 2-97 
checksum method 4-33 
clearing the BUSY- signal 12-71 
CLI instruction 2-61 
clock circuits 2-88 
clock/calendar functions 4-59 
color ID 4-160 
Color Monitor 1-5, 1-8 
modes 12-10 
register 4-158 
values and the resulting colors 4-160 
Color-to-Intensity conversion by dual-mode monitor 
12-18 
COM1 port addresses /-7 
COM2 port addresses J=5 
Command (1F7h, Write Only), fixed disk drive 9-10 
Command Protocol, 135-MB Tape Backup 10-34 
command register bits 2-53 
Command/Status Register 2-93 
Commands 
(40-MB tape backup) 10-7 
135-MB tape backup 10-28 
system to keyboard 5-19 
common C=) 20 
communications I/0 4-113 


INDEX 

COMPAQ Built-in Memory Data Structure 4-34 
COMPAQ Built-in Memory 3-5, 4-34 
COMPAQ Expanded Memory Manager (CEMM) 2-6, 2-5, 2-6 
4-27 

COMPAQ SETUP 2-75 
COMPAQ Tape Host Adapter, 135-MB Tape Backup 10-30 
Compatibility 2-40 
color monitor 12-5 
dual-mode monitor 12-17 
composite video connector 11-33 
composite modulator outputs 11-22 
composite-video monitors 11-22 


configuration 1-7, 9-26, 9-28 


Configuration bytes 


OEh 2-79 
OFh 2-79 
10h 2-80 
12h 2-80 
14h 2-81 
15h and 16h 2-81 
17h and 18h 2-82 
19h 2-82 
LAh 2-83 
2Dh 2-83 
2Eh and 2Fh 2-84 
30h and 3lh 2-84 
32h 2-85 


33h--System Information 2-85 


. 
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configuration information 2-72 tape host adapter 10-35 
configuration memory system 2-74 video display controller board 11-25, 11-26 
configurations, fixed disk drives 9-4 11-27, 11-28 
configuring the 32-bit system memory board 3-24 consecutive I/0 accesses 4-9 
Connectors 7-27 control] register, 135-MB tape backup : 10-33 
P1, Weitek coprocessor board 14-17 control word 2-67 
P2, Weitek coprocessor board 14-17 Controllers 11-4 
P3, Weitek coprocessor board 14-15, 14-18 COMPAQ Video Display Controller Board lie] 
Power supply 6-5 CRT 6845 11-4 
asynchronous communications/parallel printer diagnostic 4-141 ( 
board 13-14 DMA 2-4/7 
40-MB tape backup 10-22 diskette /-12 
asynchronous communications 1-23 fixed disk drive 7-1 
color monitor 12-10 interrupt 2-59 
composi te-video 11-33 keyboard 2-86 
diskette drive 7-23, 8-6 controls - color monitor 12-/ 
dual-mode monitor 12-14 coprocessor 
ESDI fixed disk drive controller 9-32, 9-33 80387 (see 80387) 
multipurpose fixed disk drive controller 7-24 Weitek (see Weitek coprocessor board) 
AG, 7-28, /°2I instructions 4-21 
__keyboard 9S, 9736 initialization 2-72 
—_lightpen d= 314 identification routine 4-3 
__parallel printer 0 2 installed switch 2-17 
__power supply i“ Not Installed 2-17 
___RGBI connector i = 34 countdown timer variable 4-59 
system board 2-102, 2-103, 2-104, 2-105, 2-106 counter Jatch P67 


tape backu 10-20, 10-23, 10-24 CPU interface, video 11-3 ¢ 


CPU 

operations 2-10 

speed controls 2-/ 

speed 4-127 
CPU modes 

protected 4-29, 4-80 

rea] 4-29 

virtual mode 4-29 
CRT (see monitor) 4-129 
CRT controller parameters 4-167, 4-168 
CTRL BREAK service 4-129 
Current Address (READ) - Channels 0-3 2-56 
Current Word Count - Channels 0-3 ides | 
De 
data lines 8 
data 1/0 register 9A 
Data Register (Read/Write) 

135-MB tape backup 10-32 
Data (1FOh) 

fixed disk drive 9-5 
date, century 2-85 
decimal keyboard codes 4-118 
decrease keyclick loudness 4-119 
default system speed 2-101 
COMPAQ DESKPRO 386/20 applications 15 
COMPAQ DESKPRO 386/20 BIOS 2-43 


INDEX 

COMPAQ DESKPRO 386/20 Configuration Summary 1-5 
COMPAQ DESKPRO 386/20 Memory Map 2-46 
Determine Attached Keyboard 4-128 
determine CPU type 4-176 
determine Compaq product 4-176 
Device 

Close 4-73 

functions 4-81, 4-84 

Open 4-72 

Post 4-82 

Wait 4-81 
Default Video Initilize Parameter Table 4-165 


diagnostic 
status Byte 2-19 
Read and Write Cycles 2-26 
DIP Switch (SW1) settings 2-72, 4-189 
DIP-switch setting options 4-189 
Direct Memory Access (DMA) 2-1, 2-12, 2-14 


directory information, 40-MB Tape Backup 10-18 
Disk cache 1-6, 4-31 


Diskette Drives 


1.2-MB 8-4 
1.44-MB 8-4 
360-KB 8-4 
connector 8-4 
control connectors 8-6 
drive A or B selection 8-3 


error codes 
1/0 function summary 4-93 


/ 
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interrupts 4-88 
memory locations 4-89 
media state byte 4-90 
parameter table 4-96, 4-102 
power connector 8-6 
selection 8-3 
sense status 4-94 
settings 4-87 
Signals 8-6 
specifications (1.2-MB, 1.44-MB, 360-KB) 8-5 
Status codes 4-92 
Status code error 4-92 
Diskette 1/0, interrupt 4-93 
Diskette formatting 
1.44-MB diskettes 4-88 
1.2-MB diskettes 4-88 


display (see monitor) 
displays 


graphics 11-17 
text 11-16 
DMA 2-9, 2-15, 2-32, 2-41, 2-43 
channels assigned to the controllers 2-4/7 
controller registers 2-50 
controller 2-29 
controllers 2-52 
cycles 2-23 
memory page register 2-47, 2-49 
memory read 2-2] 


memory write 2-2] 
Operations 2-46 
subsystem 2-1 
Dot patterns 4-157, 4-158 
Double Fault (exception 8) 4-15 
Double Page Faults 4-22 
Double-word (dword) 3-1 
Double-word read 2-29 
DRAM refresh 2-41 
Drive control byte 4-144 
Drive Address (3F7h, Read Only), fixed disk drive 
9-12 
Drive C type 2-82 
Drive Control (3F6h, Write Only), fixed disk drive 
9-12 
Drive D type 2-83 
Drive Select/Head (1F6h), fixed disk drive 9-9 
dual-mode monitor 1-5, 1-8, 12-14 
dual-mode monitor display modes 12-17 
dynamic RAM devices 3-24 
a 
ECC NBT 
Enable Mode E89 
End-of-interrupt (E01) 2-64 
Enhanced 


Color Graphics Board 1-4, 4-8 


J 


Keyboard 1-5, 1-6, 2-86 
Enter Protected Mode 4-80 
Equipment Configuration Word 4-70 
Equipment installed 2-81 
Error (1Flh, Read Only, Fixed Disk Drive) 9-6 
ESDI fixed disk drive controller (buffered) 

9-26, 9-28 
Event wait 4-74 
2-7/1, 2-7/2, 14-11 
Execute Controller Diagnostic (90h), fixed disk drive 


Exception handling 


9-19 
COMPAQ Extended Memory Manager (CEMM) 4-27 
expansion slot power allocation 6-4 
expansion slots vs: 
extended memory 4-28 
extended memory determination 4-79 
extended memory size 2-82 
external bus masters 2-23 
external high-scan video 11-28 
EF 
Fail-safe timer 2-60, 2-64 
FAR Jump Located Near Page Boundary 4-17 
FAST speed 4-2] 
fast 2-7, 2-8 
File 
allocation table, 40-MB tape backup 10-17 


Fixed disk controller (ESDI) 


INDEX 
block 9-33 
control signals 9-3] 
jumpers 9-34 
reset system 4-131 
status codes 4-143 
information, 40-MB tape backup 10-20 
storage, 40-MB tape backup 10-12 
fixed disk controller - error reporting 9-22 
fixed disk drive (ESDI) - commands 9-10, 9-30 
Fixed disk drive 
control cable connector 3*=29,, .9=33 
control connector signals 9-25, 9-31 
controller 9-26, 9-28 
controller diagnostic 4-141 
data cable connector 9-25, 9-33 
data connector signals 9-25 
data signals 9-32 
drive 1 parameter table 4-143 
drive 2 parameter table 4-144 
format track 4-135 
functions 4-130 
get drive parameters 4-136 
get type of drive 4-14] 
initialized fixed disk drive parameters 4-136 
interrupts 4-129, 4-145 
operation 4-147 
parameter table values 4-144, 4-145 
printer 4-106 


S 
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programming 9-4 
read long 4-137 
read sectors 4-132 
recalibrate drive 4-140 
reset 4-131 
seek cylinder 4-139 
sense status 4-132 
Status codes 4-131 4-142, 4-143 
test drive ready 4-140 
types 9-2, 9-3 
verify sectors 4-134 
write long 4-138 
write sectors 4-133 
Fixed disk drive controller board, ESDI buffered 
9-26, 9-28 
base address 9-26, 9-28 
block diagram 9-2 
component layout 9-5 
connectors 9-31, 9-32 
schematics 9-35 
Format Track 4-97, 4-135 
Format a track 4-87 
Format Track (50h), fixed disk drive 9-17 
Freerange 4-190 


FSAVE, FRESTOR, FSTENV and FLDENV Instruction 4-15 
Fully nested mode 2-62 
Fuses 6-1, 6-3 


G 
General BIOS services 4-68 
Get Drive Parameters 4-136 
Get key 4-121 
Get Enhanced Key Status 4-126 
Get Enhanced Key From Type-Ahead 4-124 
Get drive type 4-87, 4-99 
Get Drive Diskette Change- 4-100 
Get change line status 4-8] 
Get type of drive 4-136, 4-141 
Get printer status 4-109 
Get key function 4-121 
Global Descriptor Table Register 4-21 
Graphics modes 4-157, 11-18 
Graphics displays 11-18 
a 
HIGH speed 
high-definition character set adjustment 4-151 
high-resolution display mapping 4-153 
high-scan mode 11-20, 12-17 
high 2-7, 2-101 
HIGHest speed mode 4-176 
HOLD 2-47 
Input During Interlevel IRET 4-20 


state 2-9 


, 


request 2-29 
Horizontal 
scan frequency L721) 
sync polarity 11-28 
timing, video 11-23 
I/O addresses 2-71 
I/O Addresses Above 1000h 4-19 
I/O ports 
asynchronous communications 7-13 
COM1 J-] 
COM2 5 
diskette controller 7-5 
fixed disk drive controller 1-8 
interval timer 2-6/7 
multipurpose fixed disk drive controller board 7-5 
parallel printer controller 7-5 
RTC 2-74 
1/0 subsystem 2-1, 2-42 
Identification area 
40-MB tape backup 10-14 
code 4-175 
parameters, 40-MB tape backup 10-15 
Identify (ECh), fixed disk drive 9-19 
Increase keyclick loudness 4-119 
Initial 


display mode 4-148 


INDEX 11 


interrupt controller values 2-63 
values for 6845 Internal Registers 11-10 
Initialize 
asynchronous port 4-110 
display in one of several formats 4-147 
Drive Parameters (91h), fixed disk drive 9-13 
fixed disk drive parameters 4-136 
port 4-113 
printer 4-104, 4-109 
Weitek coprocessor board 14-8 
Inner-level stacks 4-20 
Instruction pipelining 2-5 
Interrupts 
Miscellaneous Interrupts 


INT ODh - IRQ5 4-172 
INT OAh - Invalid TSS 4-171 
INT ODh - General Protection 4-172 
INT 1Fh - PTR - Dot Table 4-169 
INT OAh - Simulated IRQ2 4-171 
INT 73h - IRQI1 4-173 
INT 77h - HW - IRQ15 4-174 
INT 74h - HW - IRQI2 4-174 
INT 72h - IRQIO 4-173 
INT 71h - IRQS 4-172 


Video Interrupts 
INT 1Dh - PTR - Video Parameter Table 4-165 
INT 10h, AH = BFh, AL = 04h - Set Mode-Switch 
Delay 4-165 
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Video Interrupts (Continued) Interrupts (Continued) 
INT 10h, AH = BFH, AL = OOh - Switch to 8 x 8 INT 10h, AH = Olh - Set Cursor Type 4-151 
Character Cel] 4-164 INT 10h, AH = 00h - Set Video Mode 4-150 
INT 10h, AH = BFh, AL = Olh - Switch to 9 x 14 INT 10h - SW - Video I/0 4-149 
Character Cell 4-164 Fixed Disk Drive Interrupts 
INT 10h, AH = BFh - Video BIOS Extensions INT 13h - Fixed Disk Drive 1/0 4-130 
sce saessspdgestran-sanavanioettinnbdamteniaariitsetaiagaaiiecsas EE. INT 13h, AH = 00h - Reset Fixed Disk Drive 
INT 10h, AH = 13h - Write String 4-163 System 4-13] 
INT 10n, AH = 04h - Read Lightpen Position INT 13h, AH = Olh - Sense Status of Last 
a ee Operation 4-132 
INT 10h, AH = OFh - Read Video State 4-162 INT 13h, AH = 03h - Write Sectors 4-133 
INT 10h, AH = ODh - Read Pixel 4-161 INT 13h, AH = 04h - Verify Sectors 4-134 
INT 10h, AH = OCh - Write Pixel 4-160 INT 13h, AH = 05h - Format Track 4-135 
INT 10n, AH = OAh - Write Character at Cursor INT 13h, AH = 09h - Initialize Fixed Disk 
Position 4-139 Drive Parameters 4-136 
INT 10h, AH = O9h - Write Attribute and INT 13h, AH = OAh - Read Long 4-137 
Character at Cursor Position 4-158 INT 13h. AH = OBh - Write Lon 4-138 
ENT on, AN = Von 7 write Longe LID 


10h, AH = 08h - Read Attribute and ania INT 13h, AH = OCh - Seek Cylinder 4-139 


INT 13h, AH = ODh - Alternate Disk Reset 4-139 
INT 13h, AH = 10h - Test DRIVE READY- 4-140 
INT 13h, AH = llh - Recalibrate Drive 4-140 


at Cursor Position 
INT 10h, AH = O7h - Scroll Active Page Down 

4-156 
INT 10h, AH = O6h - Scroll Active Page Up 


4-154 INT 13h, AH = 14h - Controller Diagnostic 
INT 10h, AH = O5h - Select Active Display erie ne eae ara ean cin ae Geer 
Page 4-154 INT 13h, AH = 15h - Get Type of Drive 4-141 
INT 10h, AH = 03h - Read Cursor Position 4-152 ____INT 17h, AH = 02h - Get Printer Status 4-109 


Fixed Disk Drive Interrupts (Continued) 
INT 41h - Fixed Disk Drive 1 Parameter 


Table 


R= 143 


INT 46h - Fixed Disk Drive 2 Parameter 


Table 


4-144 


INT 76h - HW - IR14, Fixed Disk Drive 
Interrupt 4-147 


Printer Interrupts 
INT O5h - SW - Print Screen 


- CPU - Bound Exceeded 4-106 
INT OFh - HW - IRQ/7, Printer Interrupt 4-10/ 
INT 17h - SW - Printer I/0 4-107 
INT 17h, AH = OOh - Print Character 4-108 
INT 17h, AH = Olh - Initialize Printer 4-109 


INT 17h, AH = 


O2h - Get Printer Status 4-109 


Keyboard Interrupts 
INT Q9h - HW - IRQ1, Keyboard Interrupt 


CPU - 80387 Segment 4-120 
INT 16h, AH = OOh - Get Key 4-121 
INT 16h, AH = Olh - Check For Key Available 

4-122 

INT 16h, AH = 02h - Read SHIFT Status 4-122 
INT 16h, AH = 03h - Set Repeat Key Rate and 
Delay 4-123 
INT 16h, AH = 05h - Place Scan Code and 
Character in Type-Ahead Buffer 4-123 
INT 16h, AH = 10h - Get Enhanced Key From 
Type-Ahead Buffer 4-124 


INDEX 13 


Keyboard Interrupts (Continued) 
INT 16h, AH = ilh - Check for Enhanced Key in 


Type-Ahead Buffer 


4-125 


INT 16h, AH = 12h - Get Enhanced Key Status 


4-126 


INT 16h, AH = FOh - Set System Speed 4-12] 


INT 16h, AH = Flh - Read Current System 


speed 4-128 
INT 16h, AH = F2h - Determine Attached 

Keyboard 4-128 
INT 1Bh - SW - CTRL - Break Service 4-129 
INT 16h - SW - Keyboard 1/0 4-121 


Diskette Interrupts 


INT OEh - IRQ6, Diskette Drive Interrupt 


CPU - Page Fault 4-91 
INT13h - Diskette I/0 4-93 
INT 13h, AH = OOh - Reset Diskette Drive 
system 4-93 
INT 13h, AH = Olh - Sense Status of Last 
Operation 4-94 
INT 13h, AH = O2h - Read Sectors 4-94 
INT 13h, AH = 03h - Write Sectors 4-95 
INT 13h, AH = 04h - Verify Sectors 4-96 
INT 13h, AH = 05h - Format Track 4-97 
INT 13h, AH = O8h - Read Drive Parameters 4-98 
INT 13h, AH = 15h - Get Drive Type 4-99 
INT 13h, AH = 16h - Get Drive DISKETTE CHANGE 
-Signal Status 4-100 
INT 13h, AH = 17h - Set Drive Type for 
Format 4-100 
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Diskette Interrupts (Continued) 
INT 13h, AH = 18h - Set Media Type for 


Format 4-101 
INT 1En - Diskette Drive Parameter Table 

Vector 4-102 
INT LEn - PTR - Diskette Drive Parameter Table 
Vector 4-102 
INT 40h - SW - Diskette Drive I/0 4-103 


Asynchronous Communications 
INT OBh - HW - IRQ3, Comm, Secondary 


- CPU - Segment Not Present 4-112 
INT OCh - HW - IRQ4, Comm, Primary 
- CPU - Stack Segment Overflow 4-112 


INT 14h, AH = 03h - Sense Communications 


Status 4-115 
INT 14h - SW - Communications I/0 4-113 
INT 14h, AH = OOh - Initialize Port 4-113 


INT 14h, AH = Olh - Transmit Character 4-114 

INT 14h, AH = 02h - Receive Character 4-115 
Coprocessor Interrupts 

INT 07h - CPU - Coprocessor Not Present 4-55 

INT 09h - CPU Coprocessor Segment Overrun 

- HW - IRQ1, Keyboard 4-56 

INT 75h - HW - IRQ13, Coprocessor Error 4-58 
system Interrupts 

INT 02h - Non-Maskable Interrupt (NMI) 4-69 

INT 11h - Equipment Configuration 4-69 


INT 12h - Base Memory Size 4-7] 
INT 15h - BIOS Extension 4-7] 


System Interrupts (Continued) 
INT 15h, AH = 4Fh - Keyboard Scan Code 


Interrupt 4-72 
INT 15h, AH = 80h - Device Open 4-72 
INT 15h, AH = 81h - Device Close 4-73 


INT 15h, AH = 82h - Program Terminate 4-73 
INT 15h, AH = 83h, AL = OOH - Event Wait 4-74 
INT 15h, AH = 83h, AL = Olh - Cancel Event 


Wait 4-75 
INT 15h, AH = 84h - Joystick 4-75 


INT 15h, AH = 85h - SYS REQ Key Routine  4-/6 
INT 15h, AH = 86h - Unconditional Wait 4-78 


INT 15h, AH = 87h - Block Move 4-78 
INT 15h, AH = 88h - Extended Memory 
Determination 4-79 
INT 15h, AH = 89h - Enter Protected Mode 4-80 
INT 15h, AH = 90h - Device Wait 4-8] 
INT 15h, AH = Sih - Device Post 4-82 
INT 15h, AH = COh - Return System 

Environment 4-84 
INT 18h - Boot Fail 4-86 
INT 19h - SW - Bootstrap 4-86 


Tick Counter/ Real Time Clock (RTC) Interrupts 
INT O8h - IRQO Tick Counter Interrupt 


CPU - Double Fault 4-60 
INT 1Ah, AH = OOh - Read Tick Counter 4-62 
INT 1Ah, AH = Olh - Set Tick Counter 4-62 
INT 1Ah, AH = O2h - Read RIC Time 4-63 
INT 1Ah, AH = O3h - Set RIC Time 4-63 


INDEX 15 


Tick Counter/Real Time Clock (RTC) Interrupts Interrupt Descriptor Table (IDT) 4-15 
(Continued) interrupts and their priorities 2-63 
INT 1Ah, AH = 04h - Read RIC Date 4-64 interval timer control word format 2-69 
INT 1Ah, AH = 05h - Set RTC Date 4-64 Interval timers 2-64, 4-26 
INT 1Ah, AH = O6h - Set RTC Alarm 4-65 architecture 2-66 
INT 1An, AH = 07h - Reset RTC Alarm 4-65 counter latch command 2-69 
INT An = SW - Tick Counter/RTC 4-61 functions 2-65, 2-65 
_ INT 1Ch = SW - Tick Counter Service 4-66 initial values 2-68 
____SEINT 4Ah - SW - RTC Alarm Service 4-66 operating modes and initial values 2-68 
_ INT 7OW = HW - TRQ8 RIC Interrupt 4-67 operating modes 2-68 
) integrated memory management port assignments 2-67 
Intey read back command 2-70 
___Intel 8042 microcomputer —— ————C—Ci- 4B IOPL (1/0 Privilege Level ) 4-2] 
__Intel 8237 DMA CC 4, 2-47 IRET to Task State Segment (TSS) 4-15 
__Intel 804000 288 IRQ], Keyboard Interrupt 4-120 
___Intel 82385 cache controller dS IRQ3, Comm, Secondary 4-112 
Intel 8259A 2-43 IRQ4, Comm, Primary 4-112 
Intel 8254-2 2-43 
Intel 80386 =) 
Intel 8259A 2-61 J 
interconnect, system 2-3, 2-4 J121 and Jl22, 32-Bit Memory Board Connector 2-104 
interleaving 4-8 J402, RF Modulator Connector 11-32 
internal monitor signals 11-31 Joystick 4-79 
internal/external display select 4-119 Jumpers 
international power supply 6-3 bufferd ESDI fixed disk drive controller 9-34 
Interrupt controller multipurpose fixed disk drive controller 7-21 


) functional diagram 2-59, 2-62 video display controller board 11-24 


Values 2-63 
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K 


Key Make/Break Codes 5-1, 5-12, 5-13, 5-16 
key repeat rate values 5-22 
key locations - U.S. English (101-key) 5-8 
Keyboard 
BIOS information, miscellaneous 4-118 
block diagram 5-3 
buffer 5-3 
clock 2-89 
commands from the system 5-5 
communication protocol 5-4 
communication 2-89 
connector 2-105, 5-34 
controller 2-86, 2-8/7 
command codes 2-95 
command codes 225 
1/0 port 2-92 
port functions 2-89 
functional block diagram 2-8/7 
transmission 2-0 
data format 2-89 
data handling 5=5 
data timing paramters 2-89 
decimal codes 4-118 
features gh 8 as 
get key function 4-121 


1/0 4-121 
indicators 4-117 
interface (communications) 2-86, 5-4 
interrupts, BIOS 4-117 
layouts - U.S. English 5-2, 5-8 
LED indicators 4-118 
LED indicators 5-26 
responses to the system 5-26 
scan code intercept 4-72 
scan codes 2-8/ 
specifications 5-4 
versions 9-1 
keyclick loudness 4-118 
Be 
Landing Zone Cylinder 4-146 
Lightpen 4-152 
connector 11-34 
resolution 4-153 
LIM 1-6, 2-15 
page frame 4-29 
software interface 4-30 
standard 4-2] 
Linear address 
field 4-14 
space 4-7] 


Load Segment Limit (LSL) 4-20 


3 


local bus 2-1 
look-up table 4-150 
Lotus-Intel-Microsoft (LIM) expanded memory 1-6 

4-27, 4-29 
LRU 2-14 
LSL/LAR/VERR/VERW Instructions 4-22 


Mi 


Machine type code 4-175 
Machine status word (MSW) 2-72 
Machine ID 4-172 
Machine-type code 4-172 
main power connector 2-106 
mapping 4-34 
maskable interrupts 2-59 
Master Reset 
Math coprocessor (80387 or Weitek) 2-71 
maximum number of sectors 4-133 
maximum sector count 4-96 
maximum number of heads 4-99 
MC146818 real-time clock memory locations 2-76 
MC146818 device 2-74 
media, determination 4-8/7 
Memory 3-1 
address decoding 2-43 
addresses 2-12 
architecture 3-3 


INDEX 17 


built-in 4-34 
bus timing requirements 2-28 
checksum 2-84 
configurations available 3-4 
configurations 3-3 


devices 3-1 


diagnostics register 4-33 
error code definitions for bits 3-17 
locations used by 
asynchronous communications 3-15 
asynchronous 4-111 
diskette drive interrupts 4-89 
fixed disk drive interrupts 4-129, 4-130 
keyboard interrupts 4-119, 4-120 
miscellaneous interrupts, HW 4-170, 4-171 
printer interrupts 4-105 
system interrupts 4-68 
tick counter/real-time clock 4-59 
video interrupts 4-147, 4-148 
map - 296-KB base memory 3-6 
map - 512-KB base memory 3-6 
map - 640-KB base memory 3-5 


mapping operations 4-29 
modules 3-1, 3-3 
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Over 1 MB 2-84 
paging 4-] 
parity error codes 3-16 
parity errors 4-68 
physical 3-12 
read cycles 2-25 
relocation registers 4-34 
settings for the 1-MB 32-bit system memory board 
3-10 
settings for the 4-MB 32-bit system memory board 
3-11 
Size argument 4-28 
video 11-4 
memory-to-memory block transfers 2-52 
mixed address sizes 4-17 
MODE command 4-26 
parameters 4-26 
Parameter 4-26 
Mode, video 
Mode, video - low-scan 11-4 
Mode, video - high-scan 11-4 
MODE SPEED 
=XX 2-65 
=COMMON 2-66 
=FAST 2-66 
MODE HIGH SPEED=command 4-30 
Mode speed = 03 4-27 
moni tor 


color 11-21, 12-1 


color monitor connector signals 12-11 
color monitor signal connector 12-10 
composite-video 11-22 
dual-mode power connector 12-22 
dual-mode signal connector 12-22 
dual-mode, functions 12-17 
dual-mode 12-14 
frequency data 12-1 
resolution, display 2-5, 1eé=1/ 
signal connector 12-10 
specifications 12-5, 12-16 
Supported 11-20 
types 11-20, 12-1 
RGBI monitors 11-21 
MS-DOS mode speed command dees | 
MS-DOS MODE command 2-8 
MS-DOS compatibility 4-176 
Multi-Task Interrupts, Weitek coprocessor board 
14-13 
Multi-Task Usage, Weitek coprocessor board 14-12 
Multipurpose fixed disk drive controller board 
block diagram 7-3 
board circuits 7-8 
component layout 1-2 
connectors 7-23 
host adapter 
1/0 ports 7-5 
jumpers 7-2) 


, 


port addresses /-8 


printer circuits /-18 
schematics 1-32, /-38 


Switches 1-22 
version 1 /-1 
version 2 /-1 


multitasking Support 4-68 


N 

NAB- 2-23, 2-24 
(NMI) non-maskable interrupt 4-69 
NMI routine 2-60 
NMI_(nonmaskable interrupt) 2-59 
Non-CPU bus cycles 2-3) 
Non-maskable interrupt (NMI) 2-60 
not present 4-19 
NT (Nested Task) 4-21 


number of sectors per track 4-99 


number of expansion bus cycles for typical CPU 


operations 2-30 
NUMBER 4-84 


Numeric coprocessors (see 80387 or Weitek) 1-4 


O 
(ON) parameter 4-32 


one-shot timeout 2-65 


Opcode Field Incorrect 4-14 


INDEX ss, 


operating mode register 2-53 


output port of the 8042 2-90 
overflow 4-112 


overrun 4-120 


P 


page frame address selection 4-29 
Page Fault 4-22 


linear address 4-18 
error code on stack 4-18 


parallel printer registers 13-11 
parameters, video modes 4-165 
parity 3-16 
parity errors 2-60, 3-24 
physical memory 3-12 
pixel position 4-153 


port addresses for DMA channels 2-49 
Port 0/70h 2-61 


PORT O61h 2-61 


posted write ea EY ee: 
posted write logic 2-16 
power connector 9-25 
power supply 6-1 


power allocation, expansion bus slot and monitors 

6-4 
power requirements - keyboard 5-35 
power-down sequence 6-1 
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Power-on 
on sequence 
ee a nr 
Printer 4 106 
__B10S support 4 14 
_ character 4108 
ES | 5! Se ee eI a 
O04 07 
__Interrupt 01? 
__interrupts 00D 
__ port enable NB 

screen 4-106 
__ status 41 
Processor (80386 and numeric coprocessor) 2-1 
Processor modes 
__ protected 0 
__protected 048 
oe: ee nee ae ee. ft. 
— virtual 4 
program terminate 
program execution speed LO 
programmable 1/0 devices 4-32 


Programming 


8042 2-92 
interval timer 2-6/7 
video display controller 11-8 
Protected Mode 2-5, 2-6, 2-71, 2-79 
addressing 4-176, 14-11 
Addressing, Weitek coprocessor board 14-11 
Exception handling, Weitek coprocessor board 14-12 
Exception handling 14-12 
initialization 4-189 
operation system 4-176 
R 
RAM 
diagnostics register 3-8 
initialization tests 4-33 
refresh 2-59 
relocation register 3-8 
setup port register 3-9 
Read 
Attribute and Character at Cursor Position 4-15/ 
back 2-6/7 
Buffer (E4h), Fixed Disk Drive 9-2] 
current system speed 4-128 
cursor position 4-152 
cycle 2-23, 2-25 
drive parameters 4-98 
lightpen position 4-153 


Long (22h or 23h), fixed disk drive 9-15 


long 4-137 
pixel 4-161 
Sectors (20h or 2lh), Fixed Disk Drive 9-15 
sectors 4-87, 4-94, 4-132 
SHIFT Status 4-122 
status 4-87 
tick counter 4-62 
video state 4-162 
Read- and Write-character functions 4-157 
reading from the screen memory 4-147 
reading the printer status 4-104 
ready/busy protocols 4-9 
Real memory mode 4-29 
Real mode initialization 4-189 
Read mode 2-5, 2-6, 2-29, 2-/9, 4-1/6 
addressing 4-183 
Addressing, Weitek coprocessor board 14-10 
Exception Handing, Weitek coprocessor board 14-11 
Real-time clock 1-6 
Real-Time Clock and Configuration Memory Device 2-43 
Recalibrate Drive 4-140 
Recalibrate (1 x h), fixed disk drive 9-14 
Receiving characters 4-110, 4-115 
Refresh 
cycle 2-23, 2-26 
occurs 2-65 
operations 2-59 


RAM 2-59 
rate 2-59 
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request 2-59, 2-65 
Registers, ACE, ACPP 13-5 
relocate EGA font vectors 4-176 
reserved registers 4-8 
Reset 

code byte 2-79 

diskette 4-8/7 

diskette drive system 4-93 

fixed disk drive system 4-131 

mask 2-59 


pointer flip-flop 
restoring and saving, Weitek coprocessor board 14-13 


return system environment 4-84 
revision code 4-175 
RGBI 
modulator outputs 12-18 
monitors 11-21 
ROM 
errors - initialization tests 4-32 
errors - revision code 4-172 
mapping 3-/] 
system 2-73 
ROM/EPROM speed requirement 2-74 
RTC (real-time clock) 2-74 
address map 2-74 
alarm service 4-66 
interrupt (IRQ8) 4-67 
tick counter 4-60 
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S 


save Set Decriptions, 40-MB Tape Backup 10-16 
saving and Restoring, Weitek Coprocessor Board 14-12 


scan code/character pair 4-121 
scan Modes 5-13 


scan codes 5-9, 5-12, 5-16 
Schematics 


system board 2-107 
1-MB 32-bit memory module 3-40 
4-MB 32-bit memory module 3-45 
1-MB 32-bit system memory board 3-26 


4-MB 32-bit system memory board 3-26 
buffered ESDI fixed disk controller board 9-36 


multipurpose fixed disk drive controller 


(MFDDC), Version 1 7-32 
multipurpose fixed disk drive controller 
(MFDDC), Version 2 7-42 
tape host adapter 10-39 
video display controller L1=35 
video display controller board, assembly 
number 000345 11-30 
video display controller board, assembly 
number 000525 11-37 
Weitek coprocessor board 14-18 
Scrol] Active Page Up 4-154 
Scroll Active Page Down 4-156 


scrolling a window 4-147 
sector 
Count (1F2h), Fixed Disk Drive 9-7 
count 4-133 
ID 4-134 
Number (1F3h), Fixed Disk Drive 9-8 
verification 4-134 
security lock connector 2-106 
Seek Cylinder 4-139 
Seek (7 x h), Fixed Disk Drive 9-14 
segment Not Present 4-112 
Select Active Display Page 4-154 
Self-test - color monitor 12-10 
sense communications status 4-115 
sense status of last operation 4-94, 4-132 
Serial (Asynchronous) Port 
initialization 4-113 
receive 4-115 
timeout function 4-110 
transmit 4-114 
Set 
color palatte 4-160 
Cursor position 4-152 
cursor type 4-151 
drive type for format 4-87, 4-100 
media type for format 4-101 
mode-switch delay 4-165 


repeat key rate and delay 4-123 


system speed 2-66, 4-127 
Video Mode 4-150 


SETCLOCK 2-45 


setting IOPL and NT bits 4-21 
setup 3-12 
Shunt, COM1 7-21 
signal status 4-100 
Signal connector 


dual-mode monitor 12-22 
RGBI video 12-10 
Signals 


color monitor 12-11 
composite-video connector Li=33 
Connectors J401-J405 11-32 
diskette drive 8-6 


dual-mode monitor power connector 12-22 
dual-mode monitor signal connector 12-22 
internal monitor connector 11-30 
keyboard connectors Siero. 
lightpen 11-34 
power supply 6-5 


RF modulator connector 11-32 
RGBI video connector 11-33 


simulated system speed values 2-8, 2-66 
Single-Stepping First Iteration of REP MOVS 4-16 
size and allocate system RAM 4-176 
SMAP 2-10, 2-86 


software DRQx Request 2-55 
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software interrupt 2-60 
software 4-10 
speaker interface 2-105 
speaker connector 2-105 
special BIOS ROM locations 4-175 
specifications 9-9 
130-MB fixed disk drive 9-2/7 
135-MB Tape Backup 10-26 
300-MB fixed disk drive 9-29 
40-MB Tape Backup 10-6 
60-MB fixed disk drive 9-23 
color monitor 12-5 
diskette drive 8-5 
dual-mode monitor 12-16 
keyboard 5-4 
power suppl y 6-3 
system 1-9 
speed control 
CPU 4-2] 
CPU - HIGH 4-2] 
CPU - FAST 4-2] 
CPU - COMMON 4-2] 
CPU - AUTO 4-2/7 
stack segment overflow 4-112 
stack write operation 4-20 
status register bits 2-52 


status register 
Byte OAh 2-7] 
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Byte OBh 2-17 

Byte OCh 2-78 

Byte ODh 2-78 

(Read Only), 135-MB Tape Backup 10-33 
Status (1F7h, Read Only), fixed disk drive 9-9 
switch settings 

multipurpose fixed disk drive controller 1-23 


system board 2-7, 2-101 
tape host adapter 10-37 
video display controller board 11-22 
Switch SW1l 2-7, 2-101 
Switch to 8 x 8 Character Cel] 4-164 
Switch to 9 x 14 Character Cell 4-164 
SY-TOS Tape Operating System 1-4, 10-30 
SYS REQ Key Routine 4-7/6, 4-116 
system 
bus arbitration 2-41 
clock circuits 2-10 
compatibility 2-7/1, 2-72 
connectors 2-17, 102 
function control 2-89 
interconnection diagram 2-3, 2-4 
interrupts 4-68 
memory boards Sele 373%. O= 12 
ROMs 2-] 
speed control 4-26 
speed values 2-66 


timer 4-10 


timer counter registers 4-10 
timer interrupt 2-64 
System board 
addresses 2-46 
block diagram 2-4 
cache memory system 2-11 
central processing unit 2-5 
connectors 2-102 
I/O map 2-44, 12-108 
programmable devices 2-43 
schematics 2-107 
switch (SW1) 2-7, 2-101 
System bus 2-1, 2-10 
8-/16-bit memory expansion bus 2-11 
32-bit memory expansion bus 2-11 
System configuration 
information 4-68 
table 4-85 
FO 
Tape host adapter 
__ block diagram 
connector 10-35 
I/O Port Description 10-32 


schematics 10-39 


switch settings 10-37 
Tape Backup Header, 40-MB tape backup 10-13 
Tape drive (see fixed disk backup) 12-17 
Test DRIVE READY- 4-140 
Text displays 11-16, 12-17 
TIMCLK 2-10 
Time-slice 4-22 
Timeout 2-60, 4-104 
Timer 


block diagram 2-66 

interrupt 4-22 

routine 4-22 

system 2-64 
Timing 

functions 4-26 

horizontal 11-23 


keyboard responses 5-26 

keyboard transmissions 5-5 

vertical L1=23 
Toggle underlining on current display 4-119 
Track 

format table 4-98 

ID information 4-135 

Interleave Table 4-135 
Transferring I/0 devices to memory 2-52 
Translation Lookaside Buffer (TLB) 4-17 
Transmit character 4-114 
Transmitting characters 4-110 
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Type codes 4-83 


U 


Unconditional Wait 4-78 
Unlatched address signals 2-29 
Unlatched address lines 2-29 


USER PROGRAMS diskette 2-8, 2-66, 4-31 


V 
Verify sectors 4-87, 4-96, 4-134, 9-1/7 
VERR/VERW/LAR/LSL Instructions 4-23 
vertical sync polarity 11-28, 12-11 
vertical scan frequency 12-12 
vertical timing 11-24 
Video 
interrupts 4-146, 4-148 
mode parameters 4-165 
parameter table 4-165 
video mode parameter table 4-166 
video functions 4-149 
video display controller registers 4-150 


video BIOS extensions 4-163 


Video display controller 
address, standard 11-5 


character generator 11-5 


compatibility 12-6, 12-1/ 
connectors 11-30 
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data register, 6845 11-9 
display modes 11-15 
graphics displays 11-18 
index register, 6845 11-9 
jumpers Ll=2/~ 2ieZg 
monitors supported 11-20 
output signal waveforms 11-26 
schematics 11-35 
specifications ti] 
text displays 11-16 
timing, video 12-18 
video memory address space 11-4 


video memory 11-4 
Virtual mode 2-5, 2-6, 2-7/1 


W 


watchdog timer 4-22 
Weitek coprocessor board _ 1-8, 2-72 
initializing 14-8, 14-89 
support 4-30 
component layout 14-2 
features 14-3 


rogramming information 14-4 


schematics 14-18 
wraparound 8038/7 coprocessor operands 4-15 
Write 9-16 

all mask bits 2-54 


attribute and character at cursor position 4-158 


buffer (E8h), fixed disk drive 9-21 
character at cursor position 4-159 
long 4-138 
pixel 4-160 
precompensation cylinder 4-146 
protected memory 4-34 
protection 4-34 
sectors (30h or 3lh), fixed disk drive 4-87, 4-95 
sectors 4-133 
single mask bit 2-54 
string 4-163 
TTY 4-162 
writing to the screen memory 4-147 


Wrong Register Size for String Instructions 4-17 


A 
ZZ Values 3-16 


